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Ninety-five tons of Toncan Iron sheets went into the ven- 
tilation system in the concourse of the new Pennsylvania 
Suburban Station Building, Philadelphia. 














More than thirty-five tons of Toncan Iron roofing and 
siding enclose the plants of the Shawinigan Chemicals, 
Ltd., Shawinigan Falls, Quebec. 


Toncan Iron standing seam roofing modernized the St. 
Mary’s Catholic Church, Avilla, Indiana. 


Every architect, every builder, and every owner of residential, commer- 
cial, municipal and industrial property knows that only the most durable 
materials are truly economical, and Toncan’s durability need never be 
questioned. As the years pass on this alloy of refined iron, copper and 
molybdenum goes quietly about the setting of new records in service. 





The size of the building project does not matter. Somewhere Toncan Iron 
can step in and save money,—in roofing, siding, eaves troughs and con- 
ductors, in heating and ventilating systems, in metal lath for walls and 
ceilings, in hot water tanks and cisterns, in fact in any application where 
sheet metal must combat the destructive influences of air 
and moisture. 
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“I read your maga- 
zine every month and 
always find several 
articles which I con- 
sider intensely inter- 
esting; I feel it is a 
very worthwhile publi- 
cation,”’ 








The EDITOR’S PAGE 


and Air Conditioning 





FROM ARTICLES 
IN THIS ISSUE 


‘Should the water level in the atmospheric tank drop suffi- 
ciently from any cause so as to open a balanced float valve, 
city water will enter the tank, providing water for the boiler 
feed pump, and if the pump fails will be fed directly by the 
automatic feeders.’’—Samuel R. Lewis. 


“Steam at 1,000 F is hot steam. It scorches canvas insulation 
jackets and the clothing of anyone who comes near an unnoticed 
leak. The jet of steam issuing from a leak is invisible in air . . . 
and must be detected by means of rags on the end of a stick 
which are set afire by the escaping steam . . . The handling of 
steam at 1,000 F introduces several new and interesting prob- 
lems in the design of the piping, super-heater, and turbine.”’— 


J. H. Walker. 


**The ideal system for the air conditioning of a home is funda- 
mentally one that will keep every occupied room in the house 
comfortably warmed and properly humidified during the 
winter, and refreshingly cooled and properly dehumidified in 
the summer.”’—S. M. Anderson. 


“The new Waldorf-Astoria is unique, in so far as the mechan- 
ical equipment goes, in that no boiler plant will be installed in 
the building, which is practically without a basement. The 
area covered is almost all above usable train space, with a 
very limited horizontal pipe space over the whole lot between 
the track clearance line and the level of the floors above.”’— 


Staff of Clyde R. Place. 


**The success of the accumulator is largely due to the regu- 
lating equipment which consists in the Waldorf Paper Products 
Co.’s installation of four sensitive valves. The value of the 
accumulator was estimated as follows ... °’—J. V. Edeskuty. 


*“ ... improper design of heating and air conditioning 
systems and inadequate provision for their accommodation in 
the building structure entail not only additional installation 
charges but also additional operating costs and the latter 
repeat year after year during the life of the building.’’—Morti- 
mer Freund. 


*“*The trend and practice today is to design and make all con- 
nections to the sterilizing apparatus so that no contamination 
of the water supplies is possible under any and all extreme 
conditions.’’—Rollo E. Gilmore. 
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**T have read the 
article in HEATING, 
PIPING AND AIR 
CONDITIONING with 
great interest. You 
have described the 
mechanical equipment 
in much detail, and the 
description is as nearly 
perfect as in any article 
I have ever read.”’ 
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500 FEET 


ABOVE crounp 
OR 20 FEET BELO 'W 


HANIN Tower, Mather Tower, Pittsfield Tower, 
Chicago Daily News Building are’ but a few among 
dozens of great skyscrapers using Apsco Riser Joints on 


their intricate heating systems. 


St. Louis, Indianapolis, Baltimore, Rochester, Pittsburgh, 
St. Paul, are typical cities in which Apsco Expansion Joints 
are used on the underground steam lines of the city’s 


district heating service. 


Whether your requirements call for low pressure risers or 
high pressure expansion joints for underground systems, 
there’s ample proof that Apsco Expansion Devices will 


give efficient, low-cost service on your lines. 


Apsco has been building steam line equipment for over 
50 years. This long ‘experience is embodied in the sound 
design of Apsco Joints, and in the service they render. 
Apsco Expansion Joints have been operating from 10 to 


30 years without attention of any kind. 


Send for Complete Literature 


RAL OFFICES AND WORKS 


NORTH TONAWANDA. NLY. 
BRANCHES IN PRINCIPAL CITIES 


OVER FIFTY YEARS IN BUSINESS 


This is the Apsco Duplex Sleeve Expansion Joint for pressures to 400 Ibs., temperatures 
to 750° F. Tests at Carnegie Tech., gpeere air insulation between inner and outer sleeves 


reduces by 35 % heat transmission to packing. 
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Jennings Pump on test in 
Nash laboratory. 


Cut-away view of a Jennings 
Vacuum Heating Pump. These 
units are furnished in capaci- 
ties of 4 to 400 g. p. m. of 
water and 3 to 171 cu. fet. 
per min. of air. For serving 
up to 300,000 sq. ft. equiva- 
lent direct radiation. Write 
for Bulletin 85. 


"TESTED (CAPACITIES 


your assurance of good performance 


WO independent units comprise the Jennings Vacuum Heating 

Pump. One pumps only water, the other only air. Each is de- 
signed for maximum efficiency and the capacity of each remains con- 
stant regardless of the volume being delivered by the other. Total 
pump capacity is always maximum air capacity plus maximum water 
capacity. This feature of design, found only in the Jennings Heating 
Pump, assures ample working capacity under all conditions. 


Working capacity is checked at the factory, Each Jennings Pump is 
carefully tested to make sure that it delivers simultaneously its full 
rated g. p. m. of water and cu. ft. per min. of air. A Jennings Vacuum 
Heating Pump can be depended upon to keep any system, of the 
size for which it is recommended, free of air and condensation. 


Jennings Pumps © 


THE NASH ENGINEERING CO 





71 WILSON ROAD, SOUTH NO 
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The New Hotel Waldorf-Astoria 
—A Description of the Heating and 


HE NEW Hotel 


York Central power house, and 
the American Express building. 
This site occupies an_ entire 
block—Park avenue to Lexing- 
ton avenue, and 49th to 50th 
streets. The size of the plot is 
200 feet 10 inches on Park and 
Lexington avenues, and 405 feet 
on 49th and 50th streets. 


Size of the New Building 


The estimated value of the 
hotel when completed, includ- 
ing land, building and furnish- 
ings, is $40,000,000. The new 
hotel will be 46 stories, with an 
approximate height of 600 feet. 
The cubical contents of the 
building will be in excess of 20,- 
000,000 cubic feet. 

There will be 2,253 guest 
rooms, of which 300 will be par- 
lors. Incidentally, all the rooms 
are exceptionally large. 

There will also be de luxe 


_* Location—Park Ave., 49th and 50th 
Sts. and Lexington Ave., New York City. 
Owner—Hotel Waldorf-Astoria Corpo- 
ration, 
President—Lucius M. Boomer. 
Architects—Schultze and Weaver. 


Engineer—Clyde R. Place. 

Builders—Thompson-Starrett Company, 
Inc, 

*Consulting Engineer, New York City. 





Waldorf-Astoria! is being 
erected on the site formerly occupied by the old 
New York Central Y. M. C. A. building, the New 


Piping Systems 


By the Staff of Clyde R. Place* 


(Edited by Ernest Williams) 
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suites and tower apartments. 
over 500 de luxe rooms with high ceilings, open fire 
places and boudoir baths, and generally follow the stand- 


The tower will contain 


ards of the finest Avenue homes, 

An unusual feature will be a 
private driveway and entrance 
to the hotel for the use of 
guests, 90 feet wide and 200 
feet long, running through the 
center of the building from 50th 
to 49th streets. 


Ballrooms, Lobby, Exhibition 
Spaces 


The main ballroom will be 
four stories in height, sur- 
rounded by three balconies. A 
large stage 60 feet wide, com- 
plete with the latest in stage 
equipment, dressing rooms, 
green room and the like will be 
at one.end, There are three ad- 
ditional ballrooms, each with its 
separate foyer, in addition to the 
grand ballroom. 

An exhibition space has been 
provided to take care of the 
growing demand for displays. 
A huge elevator will take auto- 
mobiles, motor boats and other 
exhibits from the ground floor 
directly to it. By utilizing the 
ballrooms, which open into one 
another, a total exhibition space 
of 38,000 square feet can be 
made available. 
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The lobby of the Waldorf-Astoria will be distinctly 
different in that it has been designed not to resemble a 
huge waiting room; while it is of a large area it has 
been designed to be called “friendly,” and the Peacock 
Alley of the old Waldorf has not only been preserved 
but has been trebled in dimension. 

The Rose Room, Empire Room, and Men’s Cafe so 
well and favorably known in the old Waldorf, are again 
featured in the new hotel. In addition, there will be a 
Savarin Restaurant, 
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The Roof Garden 

The entire Park Avenue front on the 18th, 19th and 
20th floors comprise the Roof Garden; it will have out- 
side terraces for dining. 

The Roof Garden will have its own separate kitchen, 
which will also be located on the 18th floor. Room 
service kitchens will be located on the 18th floor as well, 
so that elevators will serve rooms from the 18th floor 
down to the 4th floor and from the 18th floor up to the 
46th floor. 
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One of the unique features of the new Waldorf will 
be a private railroad siding underneath the hotel. Guests 
who own private railroad cars, can come directly to the 
Waldorf-Astoria and disembark alongside a special ele- 
vator, which will take them directly to the lobby, Pea- 
cock Alley or to their suites. 


A PLAN OF THE SuB-BASEMENT 
OF THE Hotet WaAtporFr-AstTo- 
RIA 
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The hotel will be ready for occupancy about the 
middle of September, 1931. 


The Mechanical Systems 


Mentioning the equipment and layouts which are our 
standard and customary practice has been avoided in 
this article. Only unusual features or features which 
we believe would be of special interest to the reader have 
been covered. 

Because of the very small sub-basement, the equip- 
ment had to be fitted in the machine room very care- 





fully, giving due consideration to accessibility and to the 
possibility of removing any equipment which might be 
damaged. 

The importance of uninterrupted service in a hotel of 
this character required that standby provisions or 
standby interconnections be made wherever possible. 
This ultimate objective complicates the piping consider- 
ably, requiring by-pass lines and valves that would not 
be justifiable in a system where an interruption in service 
is not so vitally important. Every kind of material or 
equipment was selected with the object in mind of 
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“The major portion of the building above grade is supported on girders 
above the New York Central tracks, and it is in this girder space below the 
ground floor that the steam and return mains run. There are over a hundred 
girders in this section of the structure alone, and the holes where the heating 
and plumbing lines pierced the steel were located, and the piping designed, 
before any of the other mechanical work of the building was designed.” 
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getting good uninterrupted service, with minimum main- 
tenance. 


Steam and Electricity Obtained from Outside 


The new Waldorf-Astoria is unique, in so far as the 
mechanical equipment goes, in that no boiler plant will 
be installed in the building, which is practically without 
a basement. 

The area covered is almost all above usable train 
space, with a very limited horizontal pipe space over 
the whole lot between the train clearance line and the 
level of the floors above. All services for steam and 
electricity are therefore obtained from sources outside 
the building. 

The steam is obtained from the mains with which the 
New York Central railroad distributes steam around 
through its terminal property and is 
brought into the building under an 
approximate average pressure of 125 
pounds gage. 

The electrical energy is direct cur- 
rent, obtained from the New York 
Central railroad’s distributing system 
and is 120/240 for light and power. 

There is no stack up through the 
building and no provision has been 
made for any future boiler plant. 
However, space has been provided 
for a future generator so that it may 
be installed if the heat balance and 
operating curves indicate the econ- 
omy of this installation. 

The heart of the mechanical equip- 
ment, which is located in the lowest 
basement, is confined to a very limited 
space and contains the house pumps, 
hot water heaters, refrigerating compressor, coolers, air 
compressors, ice making tank, preparation rooms, and the 


like. 
The Girder Pipe Space 


The space between the ceiling clearance of the railroad 
and the floors above contains a great amount of struc- 
tural steel and in many cases the steel is a solid vertical 
barrier from ceiling to floor through the entire area. 

In it there is located the steam and return lines for 
the lowest section of the building, together with the 
medium pressure steam to certain kitchens and their re- 
turns. This space also contains the collecting lines for 
the sewage and leaders of the building, together with 
numerous runs of water piping. 

A great many of the steel girders had to be pene- 
trated for the piping to pass through, and reinforced 
to preserve their structural strength. 

This work had to be done in the structural steel shops 
before the girders were delivered to the building; this 
necessitated a complete design of the piping in this area 
and its adaptation to the limitations imposed by the steel 
before any of the steel shop drawings could be finally 
approved. 

The ceiling line of the railroad varies throughout the 
entire area, as do the floor levels of the rooms above, and 
in addition to these the pipe lines slope for the proper 
gravity flow. These three conditions made a tremendous 


Heating -Piping 
and Air Conditioning 


April, 1931 





















ABOVE—STEAM SERVICE LINES 
AT BASEMENT LeEvEL. THESE 
Lines ORIGINATE AT SEPARATE 
SouRCES AND ENTER THE BUILD- 
ING FROM ABOVE THE TRACK 
Space. Note Straps For Ap- 
DITIONAL STRENGTH 
Lert— View OF THE 17TH 
FLoor Ceminc. STEAM MAINS 
AND DrarnaGe Lines May Be 
Easity SEEN, AS WELL As Icr- 
WaTER CIRCULATING LINES. 
Tue Exuaust Duct Is THE 
INTERMEDIATE LeveL COLLECT- 
ING SYSTEM FOR TOILETS 


amount of study necessary for the proper design for 
installation of these lines. That great care and foresight 
was used in the locating of these pipes and the fixing of 
penetrations through the girders is evidenced by tlie fact 
that no additional holes were required to be burned at 
the job after delivering the steel. This steel formation 
of vertical barriers throughout the entire area necessi- 
tated a great number of access doors from the floor 
above to permit maintenance of the mechanical equip- 
ment. 


Two-Pipe Vacuum Heating System Installed 


The heating system is a regular two-pipe vacuum 

system, with the numerous horizontal distributing mains 
supplied from a main riser. Returns are collected and 
returned to the vacuum and condensate pumps, which 
discharge through economizers or preheaters to the 
sewer. 
The main steam header carries 125 lb. gage pressure, 
and is located in the sub-basement. It is supplied by two 
lines from separate mains outside the building; these 
leads are cross-connected at the mains and in addition, 
the header is designed with segregating valves. 

There is a small amount of steam-driven equipment 
which functions as reducing valves to accomplish the 
necessary drop from 125 Ib. to heating pressures. This 
is supplemented in the customary manner with multiple 
reducing valves for make-up steam. 
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AsovE—WELDING IN THE LARGE 
RepucING TEE FOR THE MAIN 
Riser Aspove THE 17TH Foor, 
WHeErRE THE Pipe Is Repucep 
From A 24 IN. TO AN 18 IN, 


RigHT—MAIN Pipe SHAFT AT 
17TH Fioor. THE ExpANsIon 
JoIntT IN THE Matin STEAM 
Riser AND DistriBpuTING MAIN 
Brancu CAN Be Reapity SEEN 


The Main Low Pressure Riser 

The heating system in its entirety is designed for low 
pressure with vacuum return, and the distributing mains 
are supplied with steam directly from the main low pres- 
sure riser. This low pressure riser is a 24 in. pipe 
carried in the main pipe shaft and runs full size to the 
17th floor, where one of the distributing mains is located. 
From this point to the back pressure valve at the roof 
the riser is 14 in. However, where the reduction in 
size occurs there has been provided a blank tee to provide 
ample exhaust capacity for the installation in the future 
of the generating equipment. 

The reason for the installation of the low pressure 
risers is to provide for future generators and to keep 
all reducing valves in the basement. 

This main riser supplies all the direct radiation, 
amounting to about 165,000 square feet, all the steam 
for the hot water heaters for the building and, in addi- 
tion, the indirect radiation. 


Horizontal Distributing Mains Zone Building 


There are three horizontal distributing mains for the 
heating system, which is, consequently, separated into 
three zones. The main for the upper or tower section 
is run on the ceiling of the 43rd floor and from there 
distributes to the various risers which supply steam to 
radiators down to and including the 20th floor. Below 
this point the main building offset occurs. Short return 
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mains are carried in the 19th floor ceiling, which is a 
service floor, and are dropped down in furred spaces to 
the next hung ceiling, which is at the 17th floor. 

In this hung ceiling the next horizontal supply main 
is located. This main supplies upfeed risers which feed 
up to and including the 18th floor and feeds separate 
downfeed risers which take care of all the other bedroom 
floors, down to and including the fourth floor. 


Collecting the Returns and Drips 


The returns and drips are collected on the 4th, 5th and 
6th floor ceilings, depending entirely upon the location 
of the last bedroom floor. Where several returns and 
drip lines are collected above rooms with special ceilings, 
return mains were not used but the risers and drips 
were offset in brass pipe to the nearest storage space or 
mechanical equipment room, and run 
into a return header. The valves, dirt 
pockets and traps are then easily ac 
cessible. This is undoubtedly a more 
costly method, but is certain assur- 
ance against a leaky valve or trap 


ruining an expensive ceiling; it also 
does away with unsightly access 
doors. In addition, it has the ad 


vantage of accessibility. 
The Third Distributing Main 


The third distributing main is up 
feed arid supplies heat to the special 
rooms and stores in the lower section 
of the building. This main is perhaps 

' the most interesting of the three, be- 
cause of its location. As has been 
| explained, the major portion of the 
; building above grade is supported on 
girders above the New York Central tracks, and it is in 
this girder space below the ground floor that the steam 
and return mains run. There are over a hundred girders 
in this section of the structure. 

There is another point about this section which made 
this work even more difficult. Between the two ends of 
the building there is a difference in grade elevation of 
nearly ten feet and consequently the ground floor of 
the hotel follows the grade, as does the ceiling over the 
New York Central tracks. The pitch of the mains was 
then necessarily in the direction of the grade pitch, which 
brought the drips and returns to the far end of the build- 
ing where, between the girders, a separate vacuum pump 
was located to return the condensate to that section of 
the lot where the sub-basement was located. 

Intermediate Pressure Steam Services 

Heat balances were worked out to determine the eco- 
nomical division between steam and electric equipment 
basing them on the hot water requirements. This balance 
indicated the amount of steam-driven apparatus to install. 

There are banks of hot water heaters on the 32nd, 
19th, 11th and sub-basement floors which are all supplied 
steam from the main low pressure riser. 

All kitchens, pantries and other rooms having equip- 
ment requiring steam at 40-lb. pressure are supplied 
from a main intermediate pressure riser, which is located 
in the main pipe shaft. This riser also supplies steam 
to isolated supply fan rooms where is was uneconomical] 
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to run large size piping from the main shaft, or where 
architectural features do not permit such runs. A single 
additional reducing valve in each case is used to bring 
the pressure down to the customary 5-lb. 

Steam to the laundry and valet are supplied at 100-Ib 
pressure through a single primary reducing valve directly 
from the main header. 


Steam at Header Pressure Confined to Sub-basement 


Steam at header pressure is confined to the sub-base- 
ment only, and is supplied direct to the steam-driven 
equipment, namely, the reciprocating refrigeration com- 
pressors, air compressors and auxiliary sewage pump. 


Main Pipe SHArFr Orrset AT INTERMEDIATE BASE- 
Tue Marin Steam Riser Is Locatep 
Note THE BRINE 
Mains on Biockine To REcEIvE CorK COVERING 


MENT LEVEL. 


IN THE CENTER OF THE GROUP. 


Provision has been made for leads for the future generat- 
ing equipment. 


Radiation of Conventional Design 


A word about the radiators would not be amiss, 
although there is nothing out of the ordinary either in 
their design or location. The bedroom floors have copper 
radiators and all the lower floors where the special rooms 
are situated are regular cast iron, generally enclosed. 
Entrance heating is a combination of direct radiation 
and blast. The radiation for all the main rooms is ther- 
mostatically controlled. 
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The Vacuum Cleaner Piping 

The building is to be equipped with a central vacuum 
cleaning system; because of the difficulty of collecting 
pipes in the girder space an uplift system was resorted to 
on the lower floors. The dirt and dust are lifted through 
the pipes either two or three floors, being collected in 
headers run in hung ceilings and feeding into one large 
pipe which is run in the girder space. 

Above the third floor, the system is the usual down- 
feed system, there being sufficient outlets to allow 
thorough cleaning of the building using fifty feet or less 
of hose. 

There are ten risers which extend the entire height of 











the building; starting 3-in. in size they are increased as 
they extend downward, becoming 5-in. on the low level. 

In the lower section of the building—up to the 19th 
floor—are also 21 risers besides the ten main risers. 
These risers, starting at 3-in. are increased to 4-in. as 
they extend downward. 

The risers are collected into two 10-in. main headers 
carried to individual separators. 

The vacuum cleaner exhaust, which is a 12-in. pipe, is 
carried through the main roof over the 43rd floor. 





A description of the air conditioning and ventilating features of this 


hotel is to appear in a second article. 











Piping for 1000-Degree Steam 


Interesting Features of The Detroit Edison Company’s Installation 


By J. H. 


T THE DELRAY power plant of The Detroit Edi- 
son Co. there is under construction a 10,000 kw 
turbine installation which will use steam at a 

temperature of 1000 F. This article describes the piping 
system which will convey that steam from the super- 
heater to the turbine. 

The purpose of this experimental turbine installation 


Walker* 


short time tests, drops very rapidly between 700 and 
1200 degrees as will be observed from a study of Fig. 1. 
The strength of cast steel, for example, drops from 
62,000 Ib. per sq. in. at 750 F to 44,000 Ib. per sq. in. 
at 1000 F, with a consequent decrease in the permissible 
working stress. 
Another factor that into account 1s 


must be taken 










































































is to obtain some experience that most metals are defi- 
in the handling of steam at H0 nitely plastic at 1000 F 
high temperature, so that N a’ and are subject to more 
such steam can ultimately ; or less continuous  de- 
be used on a large scale in \, eee ees Ge new formation under stress. 
power plants. Recent prog- 90} — Whether or not this plas- 
ress in the art of steam \ ticity begins at some defi- 
power plant design has led 80h nite temperature or is pres- 
to the use of successively \ -| ent to a less degree at all 
higher pressures with cor- -§ 99 —— temperatures may be a de- 
responding improvements in & HA : batable question, but there 
the efficiency of the thermal & 60 at," : is no doubt of its being 
cycle. When the initial ¢ / N \ present at 1000 F. The de- 
pressure exceeds 450 Ib. per 50 : Pe sign of all parts which are 
sq. in. or thereabout, with 8 \ ‘ \\ under stress at 1000 F must 
a steam temperature of 750 5 40 \. \ Cast Stee/ eens take this plasticity, or 
F, which is the common x \ 3 we “creep,” into account. 
limit of present practice,’ it “ ts A third condition which 
is necessary to reheat the IN. N is met with is the oxidation 
steam at an intermediate ad waned tnentet pe See” hn of the surfaces exposed to 
turbine stage in order to NM RY steam, and to some extent, 
avoid excessive moisture in ino: Nehed nde wane hed te ™ to air. There is consider- 
the lower pressure stages. a a able dissociation of steam 
Reheating involves the seri- P and considerable oxidation 
ous disadvantages of. in- 200 400 600 B00 1000 00 400 600 100 of ordinary steels at this 
creased first cost and oper- Temperatura, F temperature.” 

ating complications. The Fic. 1—Snorr Time Tensme Strenctu or Merats at Ete- Therefore the handling 
use of steam at higher tem- VATED TEMPERATURES of steam at 1000 F intro- 


peratures would permit the 

employment of the simple regenerative cycle, without 
reheating, even for very high initial pressures, and the 
higher temperature would in itself considerably im- 
prove the efficiency of the cycle. The Delray experi- 
ment is thus a step toward the raising of the tempera- 
ture limitation which has heretofore existed. 


Effect of the Increased Temperature 


At first thought one might question why an increase in 
temperature of but 250 degrees above common practice 
should present any particularly serious problems. There 
are several reasons why the difficulties increase very 
rapidly as the temperature is increased above 750 de- 
grees. 

The tensile strength of most metals, as indicated by 


* Engineer Assistant to the General Manager, The Detroit Edison Com- 
pany. 7 
: There are a very few installations using 850 deg., which appears to be 
the upper limit with ordinary materials. 


duces several new and in- 
teresting problems in the design of the superheater, 


piping, and turbine. 


The Turbine Installation 


The Delray installation consists of a 10,000 kw turbo- 
generator with its condenser and auxiliaries, and an oil- 
fired superheater which will take 700 F steam from the 
main header of the plant and raise it to 1000 F. The 
throttle pressure is 365 pounds gage. 

The turbine itself is already installed and operating 
on 700 F steam pending the installation of the 
superheater and high temperature piping. Some idea of 
the benefits of increased steam temperature alone may be 
gathered from the fact that the calculated heat rate of 
this turbine at its best point, with 1000 F throttle tem- 

* See “The Dissociation of Water in Steel Tubes at High Temperatures 


and Pressures” by C. H. Fellows, Journal of the American Water Works 
Association, October 1929. 
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lic. 2—Creer Stress or STEELS For a Lire or 100,000 Hours 

WITH | PER CENT ELONGATION. (VALUES REPoRTED By F. H. 

Norton 1n His Book, “Creer or Steet at HiGH TEMPERA- 
TURES,” McGraw-Hirr) 


perature, is 10,480 Btu at the throttle per kilowatt hour 
delivered by the generator, as compared with 11,145 
Btu per kwh for the best point of the 50,000 kw main 
units of the Delray plant operating at nearly the same 
pressure but at 700 F. This represents an improvement 
of six per cent and would be greater were the machines 
of equal size. 

The objects sought in the design of the piping for 
this turbine were, first, to produce an amply safe and 
reliable installation, and, second, to experiment with 
various materials and pipe-joint designs so as to obtain 
information and experience for possible future installa- 
tions. The piping design embodies some more or less 
novel ideas because the different behavior of metals at 
the higher temperature calls for radically different de- 
sign, in some respects, from that which is common prac- 
tice. 

The Preliminary Experiment 

Realizing that difficulties were to be expected the Com- 
pany installed in 1929, at the Trenton Channel power 
plant, a small superheater and some piping operating 
at 1000 F in order to gain some preliminary experience 
which has been extremely valuable in designing the tur- 
bine installation.* 

Steam at 1000 F is hot steam. It scorches canvas 
insulation jackets and the clothing of anyone who comes 
near an unnoticed leak. The jet of steam issuing from 
a leak is invisible in air because there is no condensation, 
and leaks must be detected by means of rags on the end 
of a stick which are set afire by the escaping steam. 

There has been considerable trouble experienced in 
the Trenton Channel set-up due to leaks in the pipe 
joints. The stretching of the bolts makes it apparently 
impossible to keep the ordinary flange joint tight for 
more than a short time. Enough experience has been 


iven in the article “1,000 Degree 
arker, May 28, 1929, Power. 


_.° A description of this installation is 
Turbine for Delray No. 3,’ 


" By J.-W. 
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gained with this preliminary installation, however, to 
warrant the belief that, insofar as the piping is con- 
cerned, the turbine installation can be made reasonably 
reliable. 

Piping Materials 


The most important problem in the design of the 
piping for the turbine has been the selection of suitable 
materials, and various alloys have been chosen for the 
pipe, flanges, and fittings. The material used in the 
pipe itself must first of all be able to take a fairly high 
stress without much permanent distortion, so that a thin- 
walled pipe can be used to give the flexibility that is re- 
quired for the large amount of thermal expansion which 
is to be expected. Another important requirement is 
that the surfaces in contact with the steam be resistant 
to oxidation. 

The material which has been selected for the pipe is 
an austenitic chromium-nickel steel having the following 
chemical composition: Chromium, 17.00-19.00 per cent ; 
nickel, 8.00-10.50; carbon, 0.07 max.; sulphur, 0.025 
max.; phosphorus, 0.025 max.; silicon, 0.75 max.; man- 
ganese, 0.50 max. 

This material has been used to some extent in the oil 
and chemical industries and appears to be satisfactory 
unless exposed to certain kinds of chemical attack. It 
is subject to some strain hardening and, upon long ex- 
posure to high temperatures, there is a change in its 
microstructure due to the migration of carbides to the 
grain boundaries. The deterioration which has taken 
place in the preliminary set-up after 6400 hours of serv- 
ice is relatively small and the material is still quite duc- 
tile and tough. (See Table 1.) It is important, how- 
ever, that the carbon content be kept very low to avoid 
the presence of excessive amounts of carbide, which 
weakens the grain boundaries. No copper must be al- 
lowed to come in contact with the metal because certain 
copper compounds play havoc with its microstructure. 

The manufacture of seamless pipe of this material 
in the size required for the turbine installation (8 in.) 
had not been attempted before in America. This steel is 
highly resistant to creep and from that standpoint is 
quite suitable for the service. It has become the more 
or less generally accepted practice to compare the creep- 
resisting qualities of metals on the basis of the stress re- 
quired to produce a given rate of elongation—as, for 
example, 1 per cent in 100,000 hours. Fig. 2 shows the 
comparative values for a steel similar to that used and 
for an ordinary 0.45 per cent carbon steel. The chro- 
mium-nickel steel, for example, will withstand 15,000 


TABLE 1—PuysicaAL Properties oF TuBING AT Room TEMPERA- 
TURE BeFoRE AND AFTER SERVICE * 
SPECIMENS FROM 
PipinG EXAMINED AFTER _ 
6400 Hours at 700 To 1100 F 


SIMILAR 
MATERIAL 
As REcEIVED 
Tensile strength, 


Lb./sq. in. 91,600 95,100 
Elongation in 8”, 

Per Cent 53 35 
Reduction of area, 

Per Cent 59 36 
Rockwell “B” hardness 

Number 76 80 
Izod Impact Value, 

Ft.-Lb. 97 92 


* Tests made at room temperature. 
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Ib. per sq. in. at 1000 F, as compared with 3,300 Ib. per 
sq. in. for the plain carbon steel. 
Fittings 

Materials used in the fittings should be resistant to 
oxidation and be capable of withstanding a reasonably 
high stress with a small amount of creep. Although it 
would be perfectly feasible, with the relatively moderate 
pressure of the Delray installation, to design for very 
low stresses merely by using relatively heavy sections, it 
might not be practicable to do so in large high pressure 
installations of the future because the extremely thick 
sections then required might not be feasible because of 
manufacturing difficulties or because of excessive ther- 
wal stresses. Therefore, the aim has been to use metals 
which could safely be subjected to a fairly high stress. 
Low-alloy steels have been chosen, for the most part, 
in preference to the more expensive high chromium, 
high nickel steels. The analyses of some of the steels 
selected are given in Table 2. 

It may be necessary to protect the inner surfaces of 
these low-alloy fittings against oxidation, either by lin- 
ing them with a stainless metal as is done in certain of 
the chemical industries or by coating them in some man- 
ner. During the course of the experiment several of 
these combinations will doubtless be tried. 


The Piping Design 

Fig. 3 shows the layout of the high temperature pip- 
ing from the outlet of the separately fired superheater 
to the turbine. It is not an extensive system, the super- 
heater being located rather close to the turbine. 

Referring to Fig. 3, the fittings immediately adjacent 
to the superheater are cast from the 18-8 chromium-nickel 
steel. To the smaller outlet of the reducing tee is con- 
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nected a relief valve, discharging through a vent line to 
the roof, for the purpose of maintaining a flow of steam 
through the superheater should the turbine throttle close 
automatically or require quick closing. If this were not 
provided for, the stoppage of flow through the super- 
heater would permit it to become overheated even 
though the oil burners were immediately shut off, due to 
the heat stored in the furnace refractories. This valve 
is a solenoid-operated safety valve and is interlocked 
with the turbine throttle so that it will open automat- 
ically when the throttle trips. It can also be opened or 
closed by a manually operated switch. 

Under normal conditions the turbine will be started up 
with 700 F steam before the oil burners of the super- 
heater are lighted and, conversely, when shutting down 
the turbine the burners will be turned off and the re- 
fractories in the superheater allowed to cool before the 
turbine is shut down. 

The body of the relief valve and the small tee upon 


a « which it is 

- . mounted will 

: —— — 7 IK be made of 
Type D tone » ee more chirome-tung- 

sten steel. 

The valve 


trimmings will 








I be of stainless 
2 —— Tipe A Joint steel. 

= Adjacent to 

the tee is a 

Jr Max Stress - 6.600 <7 8 wim, special 10-in. 


occurs at this pomnt 





awe Pressure 










































Oil Fired 
Superhea ter 


Fic. 3—Layout oF 
THE 1000 F Piprnc 











center-pressure globe valve. It has two discs which 
approach the seat simultaneously and from opposite 
directions as shown in Fig. 4. 

This type was selected because it was desired to 
have a valve that would surely close tightly, which a 
gate valve would be unlikely to do at 1000 F with 
present seating materials. In the gate valve, the disc 
and seat are necessarily rubbed against each other 
under high friction pressure, while in the center- 
pressure valve the discs close against the seat ring 

without rubbing. 



































The body of this valve is 
cast from a chromium-molyb- 






Png ty denum alloy. The seat and 
* Tewperarure . ? 
discs are of a metal whose 


composition is chosen partic- 
ularly for high temperature 
service. 

Because it was purchased 
before the size of the pipe 
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had been finally chosen, the bore of the valve is larger 
than that of the pipe and it is necessary to install a re- 
ducer between the 10-in. valve and the 8-in. pipe. This 


fitting will be of a low alloy cast steel, probably contain- 
ing 0.50 per cent molybdenum. 

The dimensions of the flanges and fittings will in gen- 
eral correspond to the 900 Ib. W.S.P. American Stand- 
ard. 


There are some exceptions, however, particularly 


Fic. 4—CENTER-PRESSURE VALVE 


Operating 
Shaft 
C 


7-0" Valve Shut 
oOo « Qpen 





in the case of the center-pressure valve whose dimen- 
sions correspond to the 600 Ib. American standard, and 
the turbine throttle valve which has an extra large bolt- 
circle diameter. Also, the fittings forming the super- 
heater outlet have extra thick flanges. 

The turbine throttle valve is cast from a steel contain- 
ing 3.10 per cent nickel, 0.25 per cent molybdenum and 
0.25 per cent chromium. 

The pipe size was originally chosen as 10-in., but 
when it became apparent that it would be very difficult 
to obtain seamless pipe of that diameter, the 8-in. size 
was adopted. The computed friction drop between the 
superheater outlet and the turbine throttle is 5.3 Ib. per 
sq. in., and the velocity 9,600 feet per minute for full 
load on the turbine. 


Provisions for Thermal Expansion 


The coefficient of thermal expansion for the chro- 
mium-nickel steel is 10.1 & 10° in. per in. per F, which 
gives, for 1000 F, an elongation of 11.3 in. per 100 feet 
of pipe. The elongation will be taken care of by the 
bending of the pipe, which is roughly U-shaped. 


TABLE 2—COMPOSITION OF PRINCIPAL MATERIALS Usep IN 1000 F Pipinc INSTALLATION 











Heating -Piping 
and Air Conditioning 








April, 1931 


In designing for flexibility it was necessary to con- 
sider (a) the permissible thrust on the turbine throttle 
flange as set by the turbine designers, (b) the fiber 
stress in the pipe wall, and (c) the bending moments at 
the flange joint. It soon became apparent that the al- 
lowable thrust on the turbine throttle (2,000 Ib.) would 
not be approached and that the stress in the pipe wall 
would be the limiting factor. The maximum equivalent 















stress, taking into account bursting stress, expansion 
stress and all other probable stresses, worked out to be 
6,240 Ib. per sq. in. at the point indicated in Fig. 3. 

The question naturally arises as to how the phenome- 
non of plastic flow should be taken into account in cal- 
culating the stress in the pipe wall. It is evident that 
certain kinds of stresses are slowly relieved as creep 
takes place. Stress due to thermal expansion results 
from a definite change of shape of the piping, and as the 
metal creeps to accommodate itself to the new shape the 
stress is gradually reduced. On the other hand, stress 
due to internal pressure is not relieved by creep but is 
a continuing stress. Advantage can not be taken of this 
relieving effect in the design, however, because of the 
time required for it to occur. The stress which exists 
immediately after the pipe reaches the operating tem- 
perature is the stress which should be designed for. 


Joints 


In the preliminary experiment at Trenton Channel a 
great deal of trouble has been experienced with flange 
joints. The bolts elongate under stress, relieving the 




























| Cast Frrrines at | CENTER | | Cast Sree. | 
SuPERHEATER Revers PRRSSURE Pirz Loss Cast Sree, REDUCING Botts 
OuTLeT Valve VaLvh FLANGES | Repucer | ELsow | 
Composition, per cent: | | 
Chromium......... .| 17.0—20.0 5.0—6.0 Composition | 17.00—19.00 | 0.90—1.25 |.............. 5.06.0 | 1.20—1.40 
EE A i EEE. Soiwccsecciseics not divulged | 8.00—10.50| 1.50—2.00 Memsc Steen PRE OaS OF 
Molybdenum ........ Se aahida keane AT rae Let EP? Bic. Cad tu ease es 35a tens | 0.50 | eR alate ee etes SES Sn ees 
Tungsten............ Je scceseneeeoes a A Bs Die ckaiesstachatecwedugns 0.80—1.25 | 1.75—2.25 
See eee ee is ik as | EA EFT RY ee! | aie | 0.20—0.25 
Sats iatadon abe 0.25 max. 0.15—0.22 | 0.07 max. 0.35—0.45 | 0.25 0.15—0.22 | 0.45—0.50 
BENE b4.dkios vis cant | 0.25—0.75 | 0.50 max. DEN Tidéasvedinenesetcssnnchicensed 0.50 max. | Vienhute sans ' 
Manganese ....... 0.65 max. 0.50 max. 0.50 max. EE Esdcasacsanesas 0.50 max. 0.20—0.35 
Phosphorus.......... 0.03 max. 0.05 max. 0.025 max. 04 max 0.05 0.05 max. 0.05 max. 
_ Sulphur ............. | 0.03 max. 0.05 max. 0.025 max. 045 max 0.05 0.05 max. 0.05 max. 








5 Used in the valve body. Disc and seat of stainless steel. 
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gasket pressure, and leakage takes place, usually com- 
mencing when the steam temperature is reduced. Few 
of the flange joints have remained permanently tight. 
The trouble is probably due to the bolts being stressed 
beyond their yield point by the differential thermal ex- 
pansion of the bolts and flanges. The trouble persists 
even when the same material is used for the bolts and 
flanges, undoubtedly because of the considerable tem- 
perature differences which exist. 

A flange in which the joint is sealed by welding has 
not been successful because the stretching of the bolts 
throws a stress upon the sealing weld for which it is not 
designed. 

The piping for the Delray installation will be installed 
with several different kinds of joints with the idea of 
eventually developing a satisfactory design. Troubles 
with gasket joints naturally suggested the use of weld- 
ing and, since the chromium-nickel steel is fairly easily 
welded, the lengths of pipe made of that steel will be 
welded together. However, because of some uncertainty 
as to the performance of the welds at the operating 
temperature, the welded joint is backed up by flanges 
and bolts as shown in Fig. 5 (A-1). The weld is de- 
signed to be as strong as the pipe and undoubtedly will 
stand up satisfactorily, but the bolts would hold the pipe 
together in case the weld should completely fail. The 
bolts doubtless will stretch until the stress in them is 
very low and will remain in that condition. 

The loose flanges bear against a ring which is screwed 
to the pipe and welded, this construction being adopted 
because of the difficulty of forming the ends of the 
chromium-nickel tubing into a similar shape. The ring 
is of the chromium-nickel alloy but the loose flanges, be- 
cause extremely high creep resistance in their case is 
not important, will be of a low-alloy steel. 

A similar joint with cast-on flanges will be used to 
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connect certain fittings, near the superheater, which will 
not require disconnecting from each other. Fig. 5 
(A-3). 

This form of welded joint can not readily be used 
with valves and fittings of commercial design, nor can it 
be readily broken and remade. Since it is important 
that some form of flange joint be developed which is 
not open to these objections, the form shown in Fig. 5 
(B) will be tried in certain locations. Its peculiar fea- 
ture is the hair-pin spring under the nut, which is de- 
signed to compensate for the apparently unavoidable 
stretching of the bolts. The spring is of a high grade 
spring steel and is so designed that a stretch of the bolts 
of 0.10 in. will decrease the gasket pressure but 20 per 
cent. The springs will be left un-insulated and will 
therefore retain their elastic properties. Experience has 
shown that, if left uncovered, their temperature will not 
exceed 500 F. 

A third form of joint which is also rather interesting 
is that shown in Fig. 5 (D). It was designed in Eng- 
land and is used at the turbine throttle valve. The flange 
is enlarged to give a large bolt circle and the bolts will 
be left uninsulated and will consequently not reach a 
high temperature. A recessed composition gasket will 
be used. 

Naturally some difficulties are anticipated with the 
joints and these are not necessarily the final designs 
which will be adopted. 


Insulation 


The pipe will be covered with 414 inches of insulating 
material of which the inner 3 inches will be of a heat- 
resisting type, probably containing a large percentage of 
diatomaceous earth, and the outer 1% inches of 85 per 
cent magnesia. The insulation does not involve any par- 
ticularly difficult problem except that there may be some 
deterioration of the material immediately ad- 
jacent to the pipe wall. 

The materials to be used for the various parts 
of the piping system are shown in Table 2, Creep 

































































new tests are being made in the laboratory upon the 
—_ aeened various kinds of metal and an attempt will be 
made to coordinate laboratory creep data with 
na actual field experience. Such coordination is 
athe Type A -Joints greatly needed. We do not 
know, for example, whether 
las aside of the use of stresses which in 
() namn the laboratory will produce 
elongation at the rate of one 
per cent in 100,000 hours is 
correct for practical design or 
——*~ Spring whether a higher or a lower 
stress should be employed. 
Provision is therefore being 
made to take periodic meas- 
ein Bde urements of the valves, fittings 
and pipe to determine exactly 
what distortion takes place. 
Similar data will be obtained for the turbine and super- 

heater. 
, It is unlikely that any insurmountable problems will 

1d5 — Faces — ° 

Soft ron Gasker arise. It is to be expected that many of the extreme 
precautions taken in this experimental installation will 
Ie l be found to be unnecessary and that subsequent installa- 
Type B- Joint tions will be simpler, less expensive, and therefore more 


1G, 5—Various Desicns or Pire Joints Wuich Wit Be Useo commercially justifiable. 








Heating and Air Conditioning 
Must Be Carefully Considered 


in Design of Buildings 


constructed during 

recent years, to say 
nothing of older build- 
ings, too little considera- 
tion has been given by 
those responsible for 
their planning to the re- 
quirements and the ac- 
commodation in the 
structure of the neces- 
sary mechanical and elec- 
trical equipment. To 
those who have financial 
interests in the construc- 
tion and operation of 
buildings this fact should 
be a matter for grave 
concern, for it should 
never be forgotten that, 
although the cost of in- 
stallation of the heating, 
air conditioning, plumbing, sprinkler and other me- 
chanical systems, the electrical equipment and the 
elevators, represents a comparatively small part of 
the total initial cost of the building, the operation of 
these systems, together with their maintenance and 
repair, constitutes a large proportion of the total an- 
nual cost of operating the building and of making it 
of service to its occupants and to its owner. Build- 
ing managers and superintendents are quite well 


|: MANY buildings 


qualities. 


reduction in cost. 


aware of this. 
Designer Must Know Practical Limitations 


It is obviously necessary that the designer of the 
heating and the air conditioning systems be fully 
acquainted not only with the principles which gov- 
ern the heating and air conditioning of buildings, 
but also with the application of these principles under 
the limitations imposed by the practical considera- 
tions of building construction. It does not follow, 
however, that men who are capable of installing such 
systems according to plans and specifications are 
capable of designing them, any more than it follows 
that those who are capable of designing such systems 
can perform with skill the work of actual installation. 
These are facts which are frequently lost sight of and 
are sources of both installation and operating diffi- 
culties. 


Desirable Qualities in Buildings Must Be Balanced 


In designing a building not only beauty and har- 
mony, but also utility and efficiency must be considered 


* Eadie, Freund and Campbell, consulting engineers, New York City. 





By Mortimer Freund* 


It is much more satisfactory—and much less 
expensive—to make adequate provision for the 
installation of the heating and air conditioning 
systems in a building in the initial design. 
Changes and alterations are costly, and are 
generally made at a sacrifice of other desirable 


Close co-operation of the architect and the 
structural engineer with the heating and air 
conditioning engineer aids in the proper design 
of buildings of all types. The result is a better 
building, a satisfied owner, and an important 


Mr. Freund's article is well-worth the careful 


study of every architect, structural engineer, and 
heating and air conditioning engineer. 
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fully. Efficiency involves 
both low cost of main- 
tenance and low cost of 
operation after the build- 
ing is in use. It is rarely 
possible to secure all of 
these in the highest de- 
gree. Usually, sacrifices 
must be made at the ex- 
pense of one or more of 
these and the architect, 
upon whom such deci- 
sion must naturally rest, 
should weigh all factors 
carefully and exert his 
skill in design to secure 
beauty and harmony 
without destroying util- 
ity and efficiency. 


Architect and Engineer 
Should Be in Close Touch 


For this reason, the architect should avail himself 
of competent advice concerning the design of the 
mechanical and electrical equipment. It is not to be 
expected that an architect can be fully conversant 
with the details of design of all of the features which 
enter into the construction of a modern building, but 
it is to be expected that his plans be based upon an 
intelligent understanding of the requirements. 

In order that a building may be pleasing to the 
eye, as well as useful and efficient, it is of the utmost 
importance that all of the features entering into the 
mechanical and electrical equipment, as well as the 
structural features, should be given proper consid- 
eration from the initial to the final stages of design. 
The consulting engineer or engineers should be se- 
lected while the preliminary architectural drawings 
or sketches are being made, and the architect and the 
engineer should be in close conference at this time. 
Many an unsightly and discordant effect in a com- 
pleted building could have been avoided, if the archi- 
tect had known at an earlier stage that a pipe or a 
ventilating duct had to be located in a particular 
place, if he had provided adequate shafts for pipes 
and ducts, or if the steel framing had been planned to 
permit the passage of pipes or ducts in the manner in 
which they must be run so as to function properly. 

There are many features in heating and air condi- 
tioning systems, such as position of risers and radia- 
tors, the size, shape and location of ducts and regis- 
ters, and others, which are intimately connected with 
the decorative treatment. Not only does the careful 
consideration of such things distinguish the truly 
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competent architect from the architect who sacrifices 
every other consideration to outward appearance, but 
it also reduces to a minimum changes during con- 
struction and the attendant extra charges, those 
and 


much-to-be-avoided sources of disagreement 
friction between architects, engineers, 
contractors and owners. 


Advantages of Frequent Conferences 


Probably the primary source of most 
installation and operating troubles in 
connection with heating and air condi- 
tioning systems is the failure to con- 
sider the requirements of such systems 
when the architectural and steel framing plans are 
being developed. The consulting heating and air con- 
ditioning engineer should be selected almost as soon 
as the architect is selected. He should be in frequent 
conference with the architect and the owner or ten- 
ant for whom the building is being constructed. He 
should be informed as to the use to which various 
parts of the building are to be put and to the decora- 
tive effects which the architect is striving to secure. 
At such conferences the consulting engineer, in the 
light of experience gained in other projects, will ex- 
change ideas with the architect and offer suggestions 
regarding heating and air conditioning methods and 
equipment for the consideration of the architect and 
other interested parties. He will then proceed to de- 
sign these systems, giving the architect and the 
structural engineer such information, either in the 
form of reports or of sketches, as to enable them to 
incorporate in their plans the necessary provisions 
to accommodate the equipment, pipes and ducts. 





Floor Plan for Hotel Revised 


For example, several years ago our firm was em- 
ployed by an architect to design the mechanical and 
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electrical equipment for a large hotel. A plan was 
handed to us showing on the typical floor approx- 
imately thirty apartments consisting of one, two and 
three rooms with bathrooms and serving pantries. 
Some masonry ventilating shafts were shown, but 
not of sufficient number or size to take care of all of 
the bathrooms, pantries and corridors, nor was suffh- 
cient space allotted for the water and drainage pipes. 
It was necessary for us to design a new arrange- 
ment of rooms for this floor, allowing for the neces- 
sary pipe and duct shafts. This was submitted to 
the architect, approved and adopted by him and the 
building was built accordingly. 


Running Pipes in Ventilating Ducts 


At this point it may be well to note that a frequent 
cause for the ineffective operation of ventilating sys 
tems is the use of unlined vertical masonry ventilat- 
ing shafts in which vertical water and drainage pipes 
are run. Very frequently the effective cross-sectional 
area of such a ventilating shaft is greatly reduced and 
even entirely destroyed due to the _ horizontal 

branches from such vertical 
A LonciTupINAL Sec- Pipes to the plumbing fixtures at 
each floor. 
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steel and the finished floor for concealing branch con- 
nections to radiators, where this is a requirement. 
Where sufficient space is not provided, trouble may 
be expected from the inability of radiators to drain 
freely and from breakage of fittings. Adequate floor 
fill must be insisted upon during the early stages of 
design, as it is practically impossible to have this 
changed at a later date, for the addition of floor fill 
affects the design of the steel framing 
and also the clear height from floor to 
ceiling. 

If flanges of structural steel mem- 
bers are to be cut away to permit of 
passage of radiator branches, the loca- 
tion and size of such cuttings must be 
given to the structural engineer and 
noted on his drawings, for cutting in 
the field is more costly than cutting in the shop 
and furthermore tends to delay the progress of con- 
struction. Where the structural engineer is design- 
ing in conference with the heating and air condition- 
ing engineer, slight changes in the depth of beams, or 
the lowering of a beam one or two inches frequently 
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of the others, results only in delayed progress, in 
costly changes and in unsatisfactory and uneconom- 
ical operation. 


Superintendence During Construction 


This leads to the matter of proper superintendence 
during the construction period. In the case of a large 
apartment building recently erected, in which the 
rental values are high, great care was taken in the 
planning of the building to insure high ceilings in the 
rooms. With this end in view cuts were provided 
in the steel for the passage of radiator branches. The 
owners, to save expense, declined to engage either 
the architect or the engineers to supervise during the 
construction period. One result was that the radia- 
tor branches instead of being run in the floor fill, 
were run at the ceiling below and the steamfitters 
made no effort to hold these branches as close to the 
underside of the floor construction as possible. This 
condition was not noted until late in the job. In 
order to conceal these branches hung ceilings had to 
be installed at considerable cost, reducing the clear 

















































































































































simplifies an otherwise difficult problem for the heat- 
ing and air conditioning engineer. —— 
The location of ducts, the clear height under these, TTI =, Mood 
the size and location of registers and grilles—all of | 
these—are matters which should be considered dur- | ’| a es ee 
ing the development of the architectural plans and —_ 
details. Only too frequently the effectiveness of the poe 
heating and air conditioning systems is impaired and a 
the appearance of a room is marred because provi- or a 
sions for these systems have been after thoughts R — sex 1g 
when construction of the building was well ad- R am, es 
vanced. - a 
An important point to be remembered by archi- a = 
tects, engineers, contractors and all others Prine! deteil sherving an 
engaged in the heating and air conditioning _= pom we 
industry is that the design of heating and © ag 
air conditioning systems is not simply a rts 
matter of establishing the amount, type and cesta edith 
distribution of radiating surface, the sizes at, —— Re connections co 
of pipes, ducts, registers, fans, etc., but it is = me 
the weaving of these systems into the struc- “Og pram = 
ture of the building. These systems should uP Es 
be designed with regard to the other sys- saiitet = 
tems of mechanical and electrical equipment 2 2 
so that there will be no interferences in lo- f ain Aiiygea ie Z 
cation of pipes and equipment and so that a —— AZ a 
maximum economy of operation of the en- LL is on = soith fined 
tire mechanical and electrical installation — Zagezyes, ale = ign 
may be secured. For this purpose, close co- en , 772 2 
operation between the architect and the con- i 
sulting engineer is necessary, and for co- me: YS 
operation mutual tolerance and understand- fe, _ Baw ga sFt eT 
ing are necessary. The old plan of letting ae. Neieeaeu. 
the plumbing contractor lay out his own ees ne 477 
piping, the steamfitting contractor his pip- ie 
ing and the sheet metal contractor his ducts, Tateil 9 Crk Detecion 
with the contrac- 7" ; : 270. 
tor first at the job ee \ ENTILATING oem DIAGRAM ILLUSTRATES A 
: : : VerTICAL Exnaust Duct FROM THE VENTILATING 
installing with ut- SysTEM oF A ResTAuRANT LocaTep IN THE BASEMENT — 8 
ter disregard of or A TALL Burtpinc. THe Exuaust Ducts For THE ee 
the requirements TorLets In THE Buitpinc Are ALso SHOWN bh —— Basement 
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height in the rooms and thus nullifying the highly 
desirable effect for which extra money had been ex- 
pended. 


Provision for Future Ducts 


Another consideration is the importance of com- 
plete air conditioning, or at least provision for future 
installation 


of air conditioning systems to create 
rentable space in buildings. It is not so 
long ago that the installation of restau- 
rants, cafeterias and their kitchens in 
the basements of buildings was practi- 
cally not to be considered, because it 
was essential that no odors from cook- 
ing should be transmitted to the upper 
stories of the building. Even today 
such a clause against transmission of 
odors is usually placed in the lease of a restaurant 
tenant. Due to the provisions of ample ceiling height 
in such basements and of adequate shafts for vertical 
ducts, vast basement areas in large buildings have 
become rentable area bringing large additions in rev- 
enue to the owner of the building. 





One of the first considerations of the prospective 
restaurant tenant must be the availability of space 
for necessary ventilating ducts and many a lease has 
failed to be consummated because of the impossibil- 
ity of carrying vertical ducts up through the build- 
ing. If such vertical ducts are installed during the 
construction of the building, the cost of their installa- 
tion is greatly reduced and the connection to them 
when the basement space is leased is a comparatively 
simple matter. 


Shafts Obstructed 


The necessity for careful planning of ventilating 
shafts and careful supervision of their construction 
can be well illustrated by the case of a combination 
office and theater building in a large city. The tenant 
who leased the basement for restaurant 
occupancy was shown the opening near 
the ceiling of the basement into a large 
shaft, which, he was told, ran to the 
roof and was available for his use. 
After his ventilating system was in- 
stalled, the exhaust fans failed to re- 
move the required amount of air and 
built up a high pressure. Finally a man 
managed to enter the shaft and found that it had a 
horizontal offset between the second and third stories 
and, on cutting into it from above, found that the 
shaft was practically completely blocked because a 
partition had been carried across the offset during 
construction. It was also found at one point that part 
of a floor arch projected into the shaft and at several 
points structural members crossed the shaft and ser- 
iously reduced the effective cross-sectional area. 





It was also noted that odors frequently entered the 
theater and the theater tenant threatened suit, as the 
attendance was considerably reduced. Investigation 
developed the fact that, when the organ was installed 
in the theater some years before, the theater tenant’s 
contractor had broken into the wall of the shaft when 
installing the wind trunk and had failed to patch up 
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the openings, thus leaving a large opening from the 
shaft into the theater. 

All of this trouble, with the attendant losses of 
time and revenue—also the frequent losses of temper 
on the part of those involved—could have been 
avoided, if sheet metal ducts, carefully designed and 
carefully installed, had been provided when the build- 
ing was constructed. 


Improper Design a Heavy Penalty 


It can not be repeated too often for the benefit of 
those financially interested in the construction of 
buildings, as well as for the benefit of those who de- 
sign buildings, that improper design of heating and 
air conditioning systems and inadequate provision for 
their accommodation in the building structure entail 
not only additional installation charges but also addi- 
tional operating costs and that the latter repeat year 
after year during the life of the building. 

Note: Acknowledgement is hereby made by the 
writer to J. G. Eadie and J. K. Campbell for their as- 
sistance in preparing this article. 


A. S. T. M. Committees Meet 


At a meeting held March 16, committee D-5 on coal 
and coke, of the American Society for Testing Materials, 
voted to advance to standard the present tentative method 
of test for size of anthracite. The only change to be 
made in the method is a more definite location of points 
of sampling in case samples must be collected from tops 
of railroad cars. 

In co-operation with committee D-2 on petroleum 
products and lubricants and the power test code commit- 
tee of the American Society of Mechanical Engineers, 
the committee will undertake the preparation of defini- 
tions of “gross calorific value” and “net calorific value” 
of fuels. Gross calorific values are those obtained by 
burning fuels in bomb calorimeters, and net calorific 
values are those actually obtained when fuel is burned 
under atmospheric pressure as in most industrial fur- 
naces. The net calorific values are especially impor- 
tant in comparing heating values of fuels. 

A proposed tentative method of sampling coke for 
analysis was presented for discussion. It will, however, 
not be recommended to the society as a tentative stand- 
ard until it has been more thoroughly tested. 





Research Committee on Fatigue of Metals 

The committee decided to start the preparation of a 
statement of the present day knowledge of the failure of 
metals under the simultaneous action of repeated load- 
ing and corrosion, which is a very serious problem; and 
to prepare a statement of the significance of results of 
“fatigue” tests under repeated loading for the struc- 
tural engineer, the machine designer, and the makers and 
users of boilers, tanks, oil stills, etc. 

Dr. F. F. Lucas, a member of the committee, showed 
photomicrographs at very high magnification showing 
the formation of incipient cracks in steel hardened in cer- 
tain ways, and the chairman, Prof. H. F. Moore, briefly 
presented a statement of preliminary test results on the 
relative damage done by a given stress at the surface of 
a metal, and by the same magnitude of stress below the 
surface of a metal. 
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The accumulator is an important part of the high 
pressure process steam piping system in the plant 
of the Waldorf Paper Products Company. Mr. 
Edeskuty describes the function of this piece of 
equipment, how it is controlled and how its value 
as a part of this piping system was estimated. 
How the capacity of the accumulator was deter- 
mined is also discussed. 
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In last month's HEATING, PIPING AND 
AIR CONDITIONING (the March number), 
Mr. Edeskuty told how the piping in this plant was 
arranged, how the sizes were calculated and showed 
a heat flow diagram. His article this month com- 
pletes the description of this interesting high pres- 
sure job. Large economies were effected by 
re-designing the plant. 
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Piping an Industrial High Pressure 
Plant—Electric Power and Process 
Steam Loads Balanced 


By J. V. Edeskuty* 


of the plant is due the steam accumulator, which is 
illustrated in Fig. 1. It serves as a load balancer 
by storing the turbine exhaust steam when the amount 
of steam necessary for generating the required electric 
energy is greater than the process steam demand and by 
releasing low pressure steam under the reverse condition. 

In this manner the load on the boiler is kept uniform 
and the pressures of the boiler and the process steam are 
practically constant. When the accumulator, after fif- 
teen months’ continuous operation, was taken out of 
service for inspection, cleaning and some minor repairs, 
the boiler load fluctuated considerably, the boiler pressure 
varying more than 90 pounds per square inch and the 
process steam pressure about 10, and the average boiler 
efficiency dropped from over 86 per cent to 83 per cent. 
With the accumulator, the fluctuations in the boiler pres- 
sure are so small that, instead of operating the boilers 
with a drum pressure of 635 pounds gage, it has been 
found possible to operate them with an average drum 
pressure of 646 pounds gage, or within four pounds of 
the pressure for which the safety valves are set. 

Besides fulfilling the functions of a load balancer and 
pressure regulator, the accumulator serves as 
a desuperheater and to some extent as a feed 
water evaporator. 

The success of the accumulator is largely 
due to the regulating equipment which consists 
in the Waldorf Paper Products Co.’s installa- 
tion of four sensitive valves, supplied with the 
accumulator. There are two 3-in. valves act- 
ing as overflow, reducing and limit pressure 
valves between the boilers and the accumula- 
tor; one 12-in. valve acting as an overflow, 
reducing and limit pressure valve between the 
turbine exhaust and the accumulator, and one 


\ SHARE of the credit for the successful operation 


OIL 
PUMP 


are actuated by the pressure in M to be regulated. 

An increase in the process steam demand will mo- 
mentarily reduce the pressure in header M. This deflects 
the disc D to the right. The rod R and the spring loaded 
lever L, with fulcrum at F, follow this movement and 
reduce the opening in the overflow port O. A continuous 
stream of oil flows through this orifice and the rate of 
flow can be adjusted with the throttle valve 7 to suit 
conditions. As the area of the orifice is reduced, the 
pressure in chamber C, is increased, forcing the pilot 
valve P down. Oil is admitted to chamber Cy, and the 
valve V is opened wider. 

The increase in the oil pressure also acts on the under 
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14-in. valve in the discharge line from the ac- 
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cumulator, acting as a reducing valve and 




















maintaining a constant pressure in the mill 

















header. A schematic view of the last named 
valve is shown in Fig. 2, and its action can 
be described as follows: 


Control of the Accumulator 


The valve is a double disc balanced valve V 
and is opened or closed by a motor which is 
operated by oil pressure. This oil pressure is 
supplied by a small pump and is controlled by 
a pilot valve P and relay R, which in turn 





* Engineer, Ralph D. Thomas and Associates, Minneapolis. 
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Fic. 2—A SCHEMATIC DIAGRAM 
OF THE ACCUMULATOR REGULAT- 
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side of the piston of valve P, returning it to its original 
position and bringing the motor and valve V to rest in 
their new position. The springs S; and S» serve to raise 
valves P and V when the operation is reversed. The 
valve can be operated by hand with the wheel, and it can 
be instantly closed by an emergency trip lever. The time 
for full stroke can be varied from 1/5 to 60 seconds. 
This adjustment is necessary when there are several 
valves operating in parallel with each other or with a 
turbine governor. 

If the orifice O is placed to the left of the lever L, the 
valve will act as an overflow valve. By adding dia- 
phragms acting on the same lever, but actuated from 
various sources, several functions can be combined in one 
valve as has been done in the case of the 3-in. and 12- 
in. valves. 

Estimating Value of Accumulator 


The value of the accumulator was estimated as fol- 
lows: 

Yearly operating cost with accumulator: 

Assuming an average pressure in the accumulator of 
57 lb. gage, an average outside temperature of 45 F, the 
heat loss from the covered accumulator will be 
Inside temperature for 57 Ib. gage............304.5 F 








Se IIS ok bb shee db nccee caves’ 45.0 F 

Temperature difference ...........ceeeseeees 259.5 F 

Surface area of accumulator, including piping = 3,500 
sq. ft. 

Heat loss per square foot of bare surface = 783.4 Btu 
per hr. 


Total heat loss from bare accumulator, 3,500 * 783.4 
== 2,741,900 Btu per hr. 

Efficiency of double standard thick 85 per cent magnesia 
assumed as 94.7 per cent. 

Heat loss from covered accumulator, 2,741,900 « 0.053 
== 145,420 Btu per hr. 

Total heat loss per year, 145,420 « 8,760 = 1,273,879,- 
200 Btu. 

Fuel cost for this with coal of 13,500 Btu as fired, $6.00 
per ton in the furnace and an average operating 
efficiency of 86 per cent. 
1,273,879,200 

= 55 tons @ $6.00 = $330.00 








13,500 « 0.86 2,000 


Cost of accumulator installation, $55,000.00. 
Fifteen per cent overhead, $8,250.00. 
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Cost of fuel based on average daily production of 225 
tons of paper working days: 
110,000 Ib. of steam per hour 


for 7.000 MOUS. . asec kes 792,000,000 Ib. of steam 
65 Sundays and holidays @ 
PEEL 5 a wesanccss 10,500,000 Ib. of steam 


Total steam generated per year 811,500,000 Ib. of steam 
Fuel cost for this: 

Heat of steam at superheater outlet... .. 

SOE NE Ue a viroc viccessscccus 


1,372 Btu 
222.5 Btu 


Heat absorbed in boiler per Ib. of steam.. 1,149.5 Btu 


811,500,000 « 1149.5 
== 46,173 tons @ $6== $241,038 





13,500 « 0.86 2000 


Total annual operating cost of boiler plant, ex- 
clusive of labor and boiler room overhead $249,618 
Yearly operating cost without accumulator: 
Installation cost of additional 1,000 boiler 
horsepower @ $119............ccecee: 
Sy ND os dk sn Gucceeeecanees’s 17,850 
Cost of fuel: 
Total steam (as before) = 811,500,000 Ib. 
Operating efficiency, 83 per cent. 


811,500,000 « 1149.5 





== 41,625 tons @ $6... $249,750 
13,500 0.83 & 2000 1. eens 


Total annual operating cost of boiler plant with 

overhead on that portion of plant replacing 

the accumulator and exclusive of labor... $267,600 
Saving to be credited to accumlator: 

($267,600 — $249,618) = $17,982 
This saving does not include such benefits as in- 

stantaneous standby, constant steam conditions and no 
spoiled product because of insufficient and varying dryer 
pressure. 


Calculating Capacity of the Accumulator 


With the present output one boiler only is used to sup- 
ply the required steam demand. Should it become nec- 
essary to shut this boiler down instantly, the accumulator 
in conjunction with a small low pressure condensing 
turbo-generator can be made to serve. 

By a coincidence of circumstances it may be possible 
that the boiler must be taken out of service with the 
accumulator at a minimum pressure of 44 pounds gage. 
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Assuming that the low pressure turbine will take steam 
at the throttle at a pressure of 20 pounds gage and that 
the condenser will produce a vacuum of 2 in. absolute, 
we have: 


Storage capacity of the accumulator: 

The heat of liquid of one pound of water at 44 pounds 
gage pressure is 260.5 Btu and the temperature is 
290.2 F. One cubic foot of water at 290.2 F weighs 
57.73 Ib. 

Total heat per cubic foot == 260.5 & 57.73 = 15,039 
Btu. 


When the pressure is reduced to 20 pounds X pounds 
of water will flash into steam while (57.73 — X) 
pounds remain in liquid form. 

Total heat of steam at 20 Ib. gage 1,166.5 Btu. 
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Heat of liquid at 20 Ib. gage == 227.2 Btu. 
Therefore, 
1,166.5 & (57.73— X) 227.2 = 15,039. 
X = 2.05 lb. storage capacity per cubic foot of water. 
Total storage capacity, 9,600 « 205 == 19,600 pounds. 
The power required for auxiliaries when starting up, 
together with the necessary lights amounts to 350 kilo- 
watts. 
The water rate of the turbine at this load is 27.5 lb. 
per kw-hr. 


Steam consumption of turbine per hour == 9625 lb. 
There is sufficient capacity in the accumulator to ope- 
19600 


rate the turbine at this load for ——— = 2 hours. 
9625 


In this time the other boiler can be started. 





Air Conditioning 


Used to Increase 


Prestige and Attract Patronage 


By Louis L. Narowetz, Jr.* 


cated at LaSalle and Monroe streets, for years an 

outstanding structure in Chicago’s financial dis- 
trict, was completely modernized a few months ago and 
two stories were added to the existing four-story build- 
ing. The design in some particulars is rather unusual. 
The entire fourth story has no windows, and for this 
reason special engineering was necessary in order to 
provide satisfactory air conditioning. This installation 
is unusual also because of the object of the air condi- 
tioning, which is, according to a statement from the 
owners of the building, to increase the prestige of and 
attract patrons to the bank. It is also unusual on account 
of the windowless feature, which has been discussed by 
various engineers in recent months. For these reasons 
it is believed that the description which follows will be 
of more than ordinary interest to air conditioning engi- 
neers. 


[a Northern Trust Company bank building, lo- 


When the original building was erected some twenty- 
five years ago, the consulting engineers, Neiler, Rich & 
Company, designed the ventilating system. They are 
also the designers of the present air conditioning system. 
The original ventilating system was designed on the 
basis of four changes of air per hour. The air was 
introduced on blank wall opposite the windows with the 
idea that the window side of the building would take 
care of its own ventilation to a certain extent. This is 
a good example of the change that has come about in 
the attitude of consulting engineers in the matter of 
ventilation and air conditioning. The increasing appre- 
ciation of air conditioning by engineers in charge of 
large structures is manifested in such up-to-date air 
conditioning plants as this bank has installed. 


* Narowetz Heating & Ventilating Company, Chicago, IIL 


Four Air Conditioning Units Used 


The floors above the basements are served from a large 
fan room in the fourth story, where four air conditioning 
units are installed. One unit serves the top or sixth 
floor, which has varying load due to the roof. Another 
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A SeEcTIONAL DIAGRAM OF THE AIR CONDITION- 
ING System SHOowinG How THe Arr Is Dt1s- 
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unit serves the fifth and third 
stories that could readily be 
combined. A third unit serves 
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the fourth story, which has no 
windows, and a fourth unit 
serves the first and second 










stories, or the banking rooms. 
The supply systems are ar- 
ranged for recirculation. 

A common air intake shaft is 
carried down from the roof, bringing the air to a fresh 
air intake chamber in the fourth story and continued 
down to basement, from which the various units take 
their respective volumes through air controlled louvre 
dampers. In each unit, the air is passed through a tem- 
pering coil and then through an automatic multipanel 
oil air filter, from which it is passed through the de- 
humidifier (which acts as a humidifier in winter) and 
then through the fan systems to the various outlets. 
There is a by-pass connection around each dehumidifier 
so that recirculated air may be reconditioned. 


Combined Air Outlets and Lighting Fixtures 


All ducts are carried in furred ceilings and the air in 
the fourth, fifth and sixth stories is introduced through 
specially designed lighting fixtures or rosettes which per- 
mit of a thorough distribution of the air without drafts 
and allows a very satisfactory direct lighting installation. 

Considerable care was given by the architects, Messrs. 
Frost & Henderson, and the consulting engineers in de- 
signing and selecting the rosettes, since they were to be 
used as air inlets that would not produce drafts and also 
be satisfactory as lighting fixtures. 

A spun circular plate was selected for installation 
around the duct opening, which was also circular in shape 
and made so as to direct the air down at an angle, re- 
directing it by a circular clear glass diffusing plate placed 
about 4 inches below the ceiling line. The use of glass 
eliminated all shadows. 

The electric light fixture globe is fastened to the 
bronze framework supporting the glass diffusing plate, 
resulting in a neat fixture. Each rosette outlet is 
equipped with a push-fit volume regulating air damper 
operated through the rosette; neither the damper nor the 
mechanism is visible. 


Air Introduction on Lower Floors Through Wall 
Grilles 


In the first, second and third stories, in general, air 
is introduced to the rooms by wall grilles about 10 ft. 




















In the second story, along the window 
side of the room, grilles have been installed in the ceil- 
ing, with clear glass deflectors for diffusing the air. As 
these have been worked in with the architectural treat- 
ment of the room, they are hardly noticeable. 

The recirculated air is returned from points near the 


above the floor. 


floor line back to the fan plants. As is customary prac- 
tice, all of the toilets throughout the building are venti- 
lated by separate exhaust systems. The kitchen and 
dining rooms likewise have independent exhaust systems. 
The basement and sub-basement have independent supply 
systems with recirculation. 

Three separate dining rooms were provided, one for 
the directors, one for the officers and one for the em- 
ployes. These dining rooms are located in the fourth 
story and have no access to the outside air. The windows 
shown in the illustration of the officers’ dining room 
are for architectural effect only, electric lights being 
provided behind them to create the impression of sun- 
light. All offices on the fourth story are also window- 
less. The architects and engineers of this building be- 
lieve that in this combination of air conditioning and 
windowless space they have not only provided ideal at- 
mospheric conditions but also have eliminated much 
objectionable noise and dust from the city streets. 


Refrigeration 


The refrigeration machine is of the centrifugal type 
which combines condenser and cooler in one unit; it is 
located in the sub-basement and has a capacity of about 
225 tons of refrigeration. A direct current motor, 
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coupled by gearing, drives the centrifugal compressor. 
The cooled water from this machine is carried up to 
the various air conditioning units and circulated through 
the dehumidifiers by a direct-connected motor driven 
centrifugal pump. 

The main pump delivers the cooled water to the four 
units in the fourth story, which have their tanks con- 
nected by equalizer pipes and each dehumidifier has its 
own centrifugal pump. There is also a dehumidifier 
plant located in the basement which cares for air condi- 
tions there and in the sub-basement. The cooled water 
for this unit is obtained from a heat exchanger through 
which all of the cool water from the main pump is 
passed. This heat exchanger and basement dehumidifier 
with its pump comprises a separate refrigerated water 
system. 

In order to obtain efficiency in air conditioning, it is 
necessary to be able to supervise all temperature condi- 
tions throughout the whole system. This installation is 
automatically controlled by thermostats operating valves 
and dampers and is equipped with a system of indicating 
devices which enable the supervisor to read at a glance, 
in his office, all fan discharge, dew point and room tem- 
peratures for the purpose of maintaining the desired 
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temperature and humidity, and differentials between the 
outside and inside air conditions. 

The temperatures are indicated on an instrument which 
measures the electrical resistance through nickel bulbs 
located in rooms and air ducts, the resistance varying 
accordingly and in proportion to any change in the tem- 
perature of the bulbs. The principle involved is that of 
a Wheatstone bridge, so that irrespective of the different 
resistances of the circuits an accurate reading of the 
resistance of the nickel bulb is obtained and is then 
indicated on a scale showing degrees Fahrenheit. 

As the installation of the air conditioning plant had 
to be carried out in such a manner as not to interfere 
in any way with the daily business of the bank, the 
fourth floor was taken care of in a unique manner dur- 
ing the construction period. The original fourth story 
had skylights and windows opening on a court, but when 
the additional stories were added, these means of access 
to light and air were eliminated. A temporary fan plant 
with an outside air connection and distributing ducts 
was installed to take care of this space. This plant and 
ducts were suspended on steel ropes in the court space 
below the additional stories and were kept in service 
until the spaces ventilated could be vacated. 





Preheating 


By Kalman Steiner 


> 


HERE is much discussion and considerable 
difference of opinion as to the advantage of 
preheating fuel oil for commercial use. In power 

plants and for large industrial furnace work, preheat- 
ing is quite generally accepted. This article will en- 
deavor to show when fuel oil should be preheated 
and how it is accomplished. By preheating is meant 
increasing the temperature of the fuel oil before it 
enters the burner nozzle and firebox. 


Before going further, let us classify fuel oils. Ac- 
cording to the Underwriters’ Laboratories, fuel oils 
are divided into six classifications, as shown in the table. 


In open hearth steel furnaces, large reverberatory 
furnaces and large power installations, even heavier 
fuels than these are used. A typical analysis of oil used 
in a large installation (as a power plant of 1,000 hp. or 
similar load) might be as follows: 


No. 5 Liquid Asphaltum 
Specific gravity 
Flash point 


DE csc uted vdcodadadeted 0e0<s oben diel 1.2 per cent 
Saybolt Furol Vis. at 122°................; 200 

Oe Gee GOI cso vane ct wacens céctes 0.3 per cent 
NEE dk beech aude de seudccbtseses awed 30 F 
CE oe vccicnbonratess conducs eaes 158,000 


It will be noted that the Underwriters’ classifica- 
lions and descriptions omit all reference to specific 


“Johnson Oil Burner Co., Chicago, Illinois. 






of Fuel Oil 
and Paul R. Unger* 


Domestic Fue. O1Ls 








Water | DISTILLATION 
FLASH AND — 
GRADE OF Point Sepi- 10 | | 90 Viscosiry “ones 
Ou F MENT Per | Enp Per | Max. + oa 
Min. Max.| Per | Cent | Port) Cent | — 
Cent | Port) Powr| 
eee = . 
No. 1, light 
domestic oil 110 165 | .05 | 420 | 600 |.. 15 
| | 
No. 2, medium | 
domestic oil 125 190} .05 | 440) | 620 | 15 
| | 
No. 3, heavy | | | \55 seconds at 
domestic oil | 150 200 a ae | 675 jat 100 F, Say-| 15 


bolt Univ. 


INDUSTRIAL Fuet OILs 


No. 4, light | | 


1125 seconds at 


122 F, Saybolt 


industrial oil 150 | 1.0 | 
| 1100 F, Saybolt| 
| | | Univ. | 
No. 5, medium 
industrial oil 150 | 1.0 | 1100 seconds at 
| 122 F, Saybolt 
| | \Furol. 
No. 6, heavy 
industrial oil 150 | 2.0 |: ee ote | ....|800 seconds at 
| 
| | | 


Furol. 








298 


gravity, or the Bauwmé of the oils. It is customary in 
the trade, however, to assign gravity values to the 
six grades of oil, as follows: 


NS ae aa og ha Cae TAS AT Ae ook eek be eee 36-40 Baumeé 
SES RE Me oo FIER a eee Pe, i a 32-36 Baumé 
BN Rs Pasa wg baw Paki. haces was aud ae 28-32 Baumé 
Ee a GEES ore oki pie de ale ge ee 24-28 Baumé 
ER ag ay Re pred AP ONT ey ee Cele eT 18-20 Baumé 
PETE aE nach dh ce cared bias thad sans ce abnnes 10-18 Baumé 


The low flash points and extreme fluidity of oils 
No. 1, 2 and 3, eliminate these oils from our consid- 
eration of preheating. 

Reasons for Preheating 

There are three principal reasons for preheating 
fuel oil. ‘They are: 

1. Reduced viscosity gives better atomization and hence 
higher efficiency of combustion. 

2. Reduced permits 
therefore, cheaper fuels. 

3. Reduced viscosity lowers cost of power for pumping 
and diminishes maintenance cost. 


viscosity of burning heavier and, 


Fig. 1 shows the relationship existing between vis- 
cosity and temperature. The curves for oils num- 
bered 1 to 6 are given by the American Oil Burner As- 
sociation and are typical of the six grades in the pre- 
ceding table. The other curves are by Lieut.-Com. 
Hyland of the United States Navy. The chart also 
shows the corresponding values of the three scales 
used. 

In American practice the tendency today is to use 
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the Saybolt Furol for oils with viscosities greater 
than 25 seconds Saybolt Furol, and the Saybolt Uni- 
versal for oils with viscosities under 25 seconds Say- 
bolt Furol. 

Consider the typical No. 6 oil, with the tempera- 
ture-viscosity curve shown. At ordinary room tem- 
perature, this oil would be so viscous that difficulty 
would be encountered in pumping it, to say nothing 
of burning it. But by increasing its temperature to 
a point between 200 and 250 degrees, it can be made 
as fluid as a No. 4 oil is at room temperature. This 
enables an oil-fired plant to use a No. 6 fuel, which 
of course is much lower in price and higher in heat 
content than a No. 4 oil. 

The characteristics of the No. 5 oil illustrate a 
typical case of an oil that can be successfully burned 
cold, that is, at room temperature or even outdoor 
temperature in winter time. Nevertheless, preheat- 
ing should be of considerable value in increasing the 
efficiency of combustion. 

The reason for this is twofold; as is generally true 
of most chemical reactions, heat accelerates the speed 
of the action and combustion is more rapid, resulting 
in a hotter fire. Also, the increase in temperature of 
the oil gives more complete atomization of the liquid. 
The smaller the particles, the greater the surface ex- 
posure of the globules and, therefore, the more effec- 
tive is the admixture of oil with air. It follows, 
therefore, that less excess air will be required to com- 
plete combustion. 
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Both of the above factors—increasing the flame 
temperature and reducing the excess air—are re- 
flected in higher COz and higher evaporative efficiency. 
Another factor affecting combustion efficiency, the 
discussion of which lies beyond the scope of the pres- 
ent article, is the preheating of the air entering the 
firebox for combustion. 

Fig. 2 indicates the commonly accepted tempera- 
tures of preheating for the various grades of oil based 
on the Baumé gravity. While the classification on a 
gravity basis is not an especially logical method for 
judging fuel oils, its use is so widespread in the in- 
dustries that the authors have shown this curve to 
assist in a rapid determination of the correct tem- 
perature of preheating for an oil of given Baumé 
gravity. As a matter of fact, if the viscosity of the 
oil is not too widely divergent from the usual viscos- 
ity for the Baumé given, the curve will work out 
fairly well. 





Typical Heaters and Methods of Installation 


Steam coils in tanks are used primarily to main- 
tain the heavier fuel oils at the minimum tempera- 
ture that will assure ready flow of the fluid to the 
pumps, without regard to the necessary temperature 
of the oil for atomization. Almost invariably, the oil 
temperature will again be increased by some type of 
heater between the pumps and the burners. As oil 
is drawn from the bottom of a storage tank, it fol- 
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lows that the tank heater capacity need be only 
enough to heat the lower part of the fuel body in the 
storage tank, or even only that portion surrounding 
the suction pipe stub. 

Tank coils are, therefore, of two general types— 
straight lengths laid horizontally at bottom of tank 
and looped together at ends, and spiral coils looped 
vertically around the suction pipe. Convection cur- 
rents are not readily set up in fuel oil, due to the high 
viscosities, so that the heat transmitted from the coil 
will not be very effective through a radius greater 
than 12 inches. This blanketing effect works out 
very satisfactorily for the purposes of tank heaters, 
since the heat input to the oil will be concentrated at 
the point where it is most needed, namely, at the suc- 
tion stub outlet from the tank. 


Estimating Coil Surface 


In determining coil sizes required for a given tank, 
a great degree of accuracy is not required, nor indeed 
is any great degree of accuracy possible, when cal- 
culating heat transfer under these conditions. Heat 
transfer is largely dependent on the rate of oil flow, 
as shown in Fig. 10, and in the large body of fuel oil 
in a tank the rate of flow is low. A transfer rate of 
5 Btu per sq. ft. per deg. difference of temperature 
per hr. is close enough to estimate coil surface. 

As a specific example, assume a tank 6 ft. in diam- 
eter with a vertical spiral loop around the suction 
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stub, the diameter of the 
loop being 12 in. It will 
be necessary to heat the 
amount of oil withdrawn 
by the pump. Suppose 
this to be 600 gal. per hr. 


$ Fic. 3—Tanxk HEATER— 
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The heat required to raise this weight of oil through 
a 25-deg. temperature rise is 56,250 Btu. With an 
average temperature difference between steam and 
oil of 300 degrees, a square foot of coil surface will 
transmit 1,500 Btu per hour. Therefore, total coi! 
surface of 37 square feet should do the job. 


Discharge of Condensate 


With coils of this type in underground tanks, pro- 
vision must be made for discharge of the condensate 
from the coil. A pipe is brought up from the bottom 
of the coil through the top of the tank, and dis- 
charged into a steam trap. It is imperative that the 
coil be kept free from the accumulation of water, so 
that the effectiveness of the coil will not be impaired, 
and at the same time the steam must not be allowed 
to escape through the end of the coil. A good steam 
trap will accomplish the purpose. 


Preparing Oil for Combustion 


The next step in the heating of fuel oil is intended 
to prepare the oil for combustion, and as indicated 
in the previous discussion, the temperature is raised 
considerably—in the average industrial plant to a 
point varying from 150 to 200 degrees, depending on 
the character of the oil. 

Methods used for this preheating vary. The heat- 
ing medium may be steam, hot water, or electricity, 
or coils and the heating medium passed through a 


Hort O// 
Steam tnier Outlet 
Or Outler 





S7ream (nler 


O/ 
‘er 


or, more rarely, gas or coke direct firing. The heater 


or heat exchange medium may be steel or copper 
pipes, either straight or coiled, or jacketed cylinders. 
Usually the oil is caused to flow through the pipes 
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shell containing these pipes or coils, enveloping them 
completely. 

A common type of heater in high pressure steam 
plants is the U-shaped tube type, illustrated in Fig. 
4. It can be operated with either steam or hot water 
as the heating medium although steam is probably 
more general. As is true of practically all oil pre- 
heaters, this equipment is similar to hot water heat- 
ing equipment, the principal difference being that 
with oil, a smaller diameter tube is more effective, 
and provision must be made to resist the corrosive 
effect of the sulphur content of the fuel. 


A typical method of installation of the U-type 
heater is shown in Fig. 5. The essential parts of the 
installation, in addition to the heater itself, are the 
steam supply, condensate trap and return line, 
thermostatic steam regulator, and thermometers on 
inlet and outlet. The method of selecting the correct 
size heater for a given job is discussed below, under 
the general theory of heat transmission through 
heater coils. 

Another type of steam heater frequently encount- 
ered in larger plants is the multiple pass type, in 
which the oil flows through a series of tubes sur- 
rounded by steam. Compensation for expansion and 
contraction with temperature changes is accom- 
plished by bowing the tubes, as shown in Fig. 7. In 
this type, as in all oil preheaters that are assembled 
with flanged joints intended to give an oil-tight seal, 
an important consideration is the gasket. The use 
of proper gasket material may seem to be a trifling 
detail of installation, but its importance will be ap- 
preciated when it is realized that a leaky gasket on a 
heater can cause shutdowns, to say nothing of the 
unpleasant mess that can result. 


Below-the-Water-Line Heater 


In the low pressure heating field, a favorite fuel 
oil heater is the so-called “below-the-water-line” 
type. Its construction and installation are practically 
identical with the construction and installation of 
the domestic hot water heater. While this type of 
heater can not be controlled thermostatically by any 
simple method, as in the case of steam heaters, the 
below-the-water-line type has to its advantage the 
facts that it is easily installed and requires practically 
no attention except cleaning at long intervals. 
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Fic. 6—INSTALLATION OF A U-Tuse Tyre Or PREHEATER, STEAM OPERATED 


A typical installation is that shown in Fig. 8. The nected if necessary without draining the boiler. These 
two connections from the heater into the boiler are valves also serve as regulators, as the rapidity of 
both valved off, so that the heater may be discon- water circulation, and hence the rate of heat transfer, 

can be controlled by the valve opening. When this 
ete +e type of heater is used on a multiple boiler job, it can 




















Qi! Cutiep | Qi Iole? be cross-connected between the boilers, so that the 
hot water to supply the heater can be drawn from 

oo | the particular boiler which is being fired at any time. 

SS With the below-the-water-line heater, the water 

in a boiler will remain hot for a considerable period 

— of time and will cause water to circulate through the 


Inler heater and thus keep a supply of oil hot for the 
burner to start up again after a temporary shut down. 
Where a plant is shut down overnight, for example, 
the burner will have no difficulty in restarting the 
next morning. 





Fic. 7 — STRAIGHT Electric Heaters 
Pass HEATER 








This fact suggests the reason for the third common 
type, which is the electric heater. The below-the- 
water-line heater is best adapted to low-pressure 
work; a high pressure steam job calls for a steam- 
operated heater, as a general rule. Hence for start- 
ing with a cold boiler, an electric heater serves a use- 
ful purpose. 

Electric heaters consist essentially of a heating 
element or cartridge, immersed in a container of oil. 
This type of heater is readily adaptable to thermo- 
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Fic. 8—BrLtow-Water-Line HEATER INSTALLATION 


static control. The details of construction are indi- 


cated in Fig. 9. 
Theoretical Considerations 
Much of the available information on heat transfer 
in oil preheaters is empirical data based more on the 
trial and error method than on actual research and 
test. While some of it has unquestioned authenticity 
and has stood the test of time, a good deal of it is of 
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doubtful value. In general, all estimates for deter- 
mining surface requirements should be made liber- 
ally, allowing an ample factor of safety. 

A heat transfer rate diagram is given in Fig. 10. 
Other sources give an average value of 50 Btu per 
sq. ft. per deg. difference in temperature per hour for 
general use in steam-operated heaters. Manufac- 
turers of below-the-water-line heaters use an average 
value of 12, from hot water to oil. Roughly speak- 
ing, the capacity of a heater for heating oil may be 
said to be one-third the capacity of the heater under 
the same conditions heating water. 
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Theoretically, the heat units required to raise the 
temperature of a given weight of fuel oil should be 
just half the heat units for heating the same weight 
of water through the same temperature rise: That is 
to say, the specific heat of oil is 0.5. 

It would seem, therefore, that a given heater could 
heat twice as much oil as water. However, the tre- 
mendous difference in the viscosities of the two 
liquids makes the heat transfer rate radically differ- 
ent. In the mechanism of heat transfers, a heat unit 
is conducted through the metal containing the oil and 
is imparted to the particle of oil in contact with the 
metal. Thus a thin layer of oil touching the perim- 
eter of the metal has its temperature increased. Or- 
dinarily, this would set up convection currents in the 
liquid and bring the cold oil 
again in contact with the 
metal. But the viscous oil 
does not set up convection 
movement; the heated oil 
moves so slowly that the 
temperature difference be- 
tween the oil and heating 
medium is appreciably reduced. And since it is the 
temperature difference that creates the potential for 
causing heat transfer, it is readily seen that the more 
viscous the oil, the less effective becomes the heat 
transfer. The transmission rate is reduced. 

It follows from these facts that the effect of the 
heat transfer will vary inversely with the tube diam- 
eter. In fact, since the area of a circular cross-sec- 
tion is proportional to the square of the diameter, 
the rate of heat transfer will be inversely propor- 
tional to the square of the diameter. Manufacturers 
of this type of equipment should, therefore, keep the 
tube size as small as practicable. It is also obvious 
that a heater will have a greater capacity with an oil 
of low viscosity than with a highly viscous oil. Ca- 
pacities, therefore, should also be stated in terms of 
oil viscosity. 











Temperature Control 


Where electric heaters are used, there usually will 
also be a steam or below-the-water-line heater, un- 
less electricity is very cheap. The oil is first passed 
through the steam or water-operated heater, and 
then through the electric heater. Any deficiency 
under a required temperature will be made up by the 
electric heater until the main heater is able to pick 
up and carry the entire load. The electric heater is 
then automatically cut out by its thermostat and re- 
mains out until the oil passing to the burner again 
falls below a predetermined temperature. 

With steam heaters, the control equipment is 
identical with that used for hot water heating; the 
thermostatic element is immersed in the hot oil body 
and the expansion caused by the increase in tem- 
perature is transmitted to the operating mechanism 
of the steam valve, thus controlling the amount of 
steam admitted to the heater. 

As before mentioned, the below-the-water-line 
heater can not readily be controlled. A thermostat- 


operated valve similar to that used for steam heaters 
could be installed in the hot water supply line to the 
Inasmuch as 


heater but this is not general practice. 
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this type of heater is used principally in low pressure 
heating plants, there is little danger of the oil becom- 
ing too hot. 

Economics of Preheating 


The actual cost of raising the temperature of oil 


by the three heating mediums discussed can be com- - 
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through increasing efficiency and permitting of burn- 
ing heavier fuels, will show a net saving of 5 per cent. 
If, therefore, the 1,000 pounds of oil was purchased 
at the rate of 3%c per gallon, the actual savings 
would be, for that amount of oil, 23 cents. 


To carry these figures over into actual plant oper- 
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puted on the basis of the Btu input required and the 
cost of heat units in the medium used. Thus, to heat 
1,000 pounds of oil through a 130-deg. temperature 
rise will cost from 3 to 5 cents. 

It is usually safe to assume that preheating, 


ation, consider a plant developing 1,000 boiler horse- 
power. Such a plant may average around 3,000 gal- 
lons per day consumption, costing $105.00. The effect 
of preheating would be to save $5.25 per day, at an 
actual operating cost of $0.77. 















N a former article in 
HEATING, PIPING AND 
\1R CONDITIONING, 

“X-Rays and X-Ray In- 
spection in Piping,” pub- 
lished in June, 1929, the 
author outlined the physical 
properties of X-rays and 
their generation as well as 
some of the applications of 
X-rays in the industrial 
field. The purpose of the 
present article is to aug- 
ment the information for- 
merly given and to describe 
further developments in this 
rapidly field of 
nondestructive testing. 

An outstanding feature in this development during 
the past year is the X-ray installation at the plant of 
a large boiler and tube manufacturer for routine exami- 
nation of welded pressure vessels. The equipment and 
X-ray technique developed for this purpose has recently 


growing 


been described elsewhere.? 

This installation is shown in the heading illustration. 
Here, the high tension power plant is mounted on a 
movable platform and surrounded by a sheet metal hous- 
ing; the safety drum, containing the X-ray tube, is seen 
in front of the housing; the tube can be rotated about 
its axis and raised and lowered if desired. The control 
cabinet is also attached to the housing. A pressure ves- 
sel is set up for production inspection of the longitudinal 
seams; for the examination of girth welds, the vessel 
can be rotated about its axis. 

Fig. 1 depicts a porous weld under the X-ray, and in 
These two pictures 
are by no means representative of welded seams in pres- 


lig. 2 slag and porosity is shown. 


* St. John 


* Dr. 
Vessels; The Iron Age. 


X-Ray Service Corporation, New York City. 
Ancel St. John, X-Ray Inspection of Fusion Welds in 
December 18, 1930. 


Pressure 


X-Ray Inspection of Welded Pipes 
and Pressure Equipment 
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X-RAY INSPECTION 
FOR ROUTINE 
EXAMINATION OF 
WELDED PRESSURE 
EQUIPMENT 


By Herbert R. Isenburger* 





sure equipment. As a mat- 
ter of fact, when the proper 
welding technique has been 
developed the seams can 
not be detected in most 
cases in the X-ray picture. 
The X-ray inspection in 
this case is not meant to 
show defects in the weld, 
but to prove the soundness 
of the material. This is the 
idea which guided the mem- 
bers of the boiler code com- 
mittee of the American 
Society of Mechanical En- 
gineers when they proposed 
X-ray inspection in their re- 
cent changes of the code.” 

Another important application of X-ray inspection of 
welds is the examination of welded seams in pipes and 
tubings. The radiographic arrangement for the inspec- 
tion of a circumferential seam of an alloy steel tubing 
is schematically shown in Fig. 4. On a tubing with 2 
inches outside diameter three pictures are made in order 
to cover the entire weld. Lead markers are placed on 
the outside with a dot pointing toward the weld. Such 
a series of pictures is reproduced in Fig. 3. There is 


***Proposed Specifications for Fusion Welding of Unfired Pressure 


Vessels.” Mechanical Engineering, December, 1930. 
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CUMFERENTIAL WELD (Richt) A 
IN TUBING, SHOWING Sounp GaAs 
A CAVITY IN THE .2 WELD 
REGION 


a small cavity in the .2 region 
in the center of the weld; this 
defect is also observable in the 
respective places on the two 
other exposures, but can not be 
recognized in the print here, 
since these details were lost in 
reproduction. 
All radiographs shown so 
far are of 
‘welds made 
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equally important for the examination of gas welds. A 
V-weld of this type is reproduced in Fig. 5. The dark 
line in the center of the picture is the excess metal over 
the bottom of the V; the built-up metal on the other 
surface is also plainly visible. 
good weld. 


The picture represents a 


The value of X-ray inspected welds has been appre- 
ciated in the industrial field in many ways. First, it is 
a nondestructive means for proving the soundness of the 

material and in that way removing the 
last doubt of the usefulness of the welded 
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services the need for a means to prove 
the soundness of the structure appeared ; 
X-rays are being used to meet this need. 






































Fuel Consumption Data for Schools 


By John Howatt* 


APERS that give authentic specific data on costs 

are extremely valuable, principally because they 

are so scarce. Most of the articles appearing in 
journals and magazines deal in theories, generalities or 
discussions of fundamentals and their application. While 
theory and practice are extremely important and should 
properly receive the major attention, costs of operating 
systems which result from the application of theories 
and practices should receive careful study for future 
guidance in designs. In the paper’ prepared by Samuel 
R. Lewis, a start has been made in presenting to the 
public a partial cost report on the operation of a few 
public school buildings in Toledo, Ohio. The number 
of schools covered in each group, however, is too small 
to enable anyone to arrive safely at any definite con- 
clusion and unless conclusions can be made, reports of 
this nature lose a part of their value. 

The writer has had many years’ experience in design- 
ing and operating heating and ventilating plants of 
nearly every conceivable type and has records of operat- 
ing costs extending over a period of ten years for over 
300 school buildings, including records of fuel con- 
sumption. With the records from this much larger group 
of buildings it is, of course, safer to draw conclusions 


* Chief engineer, Board of Education, City of Chicago. 


Fuel Consumption in Toledo Schools, by Samuel R. Lewis. 
Pipinc anp Arr ConpiTIONING, December, 1930, p. 997. 
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from the results than when smaller groups are considered. 
But even then, it is dangerous because of the varying 
conditions at different buildings affecting fuel consump- 
tion. 


Factors Affecting Fuel Used 


There are many factors that affect the amount of coal 
burned per season in a school building besides its size. 
Comparing one building with another all the variable 
factors must be brought as near to one constant as pos- 
sible before comparison can begin. Some of the variables, 
such as personnel of the teaching force and of the oper- 
ating force can not be brought to one constant. Those 
operating school buildings know the different factors that 
have to be considered and appreciate their great im- 
portance, 

If we could conclude from our records that this or that 
type of heating and ventilating plant would always give 
the most for the money to the board of education, a 
most valuable service would be rendered. Tabulations 
of coal consumption of buildings show differences that 
can be explained only by differences in the vigilance and 
ability of the operating personnel. Complete and compe- 
tent supervision will tend to standardize methods but it 
will not inculcate interest in work where no interest 
exists and, without interest in the job, mediocrity always 
will result. 


Air Conditioning 
for Homes 
— Humidification 


home has been a puzzling and none too well un- 
derstood problem to architects, engineers and 
home owners ever since the widespread application of 
air conditioning to theaters and public buildings dem- 
onstrated its benefits and brought before the public eye 
the imminent need for similar systems in the home. 
The ideal system for the air conditioning of a home 
is fundamentally one which will keep every occupied 
room in the house comfortably warmed and properly 
humidified during the winter time and refreshingly 
cooled and properly dehumidified during the summer. 
Usually a system of this sort should likewise remove 
dust from the air, and certainly will aid in the preven- 
tion of its formation. While the latter features are of 
great importance, sometimes they are not considered in 
a discussion of air conditioning. 


CO rome ts an air conditioning system for a 


Window Condensation Tests 


Personal opinions may govern the degree of warmth 
or coolness required, but there is a distinct limit within 
which the amount of moisture that can be allowed in 
the air of a home must be maintained, depending upon 
a very definite law of nature. 

This law can best be illustrated by reference to Fig. 
1, which represents diagrammatically a single and a 
double glass window separating the inside warm air of a 
house from the outside air, at a temperature of O F. 
No reference is made to wind velocities of the outside 
air past the window surface because the experimental 
data were determined for average conditions involving 
a number of different days. Whereas the wind effect 
does have some bearing on the temperatures indicated, 
the normal differences in velocity from day to day do 
not vary the temperatures sufficiently to alter the con- 
clusions which will be drawn from this discussion, and 
the wind effect is therefore disregarded. 

The temperature inside the window in each case is 
purposely chosen at 72 F, representing the temperature 
to be desired, though not necessarily the temperature of 
greatest comfort unless a relative humidity of 50 per 
cent is maintained within the room. It is obvious from 
a study of the diagram that the temperature of the glass 
window, and more particularly that of the inside surface 


* Research Engineer, Air Conditioning Department, B. F. 
Company, Boston, Mass, 
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“There’s no place like home”—unless it be 
an air conditioned theater, hotel, office build- 
ing, or other structure. However, there is no 
reason why our homes cannot be made as 
comfortable atmospherically as any skyscraper. 


Many home-owners are realizing the need of 
humidification in winter and de-humidification 


and cooling in summer to keep the home 

atmosphere always comfortable and healthful. 

In this article, S. M. Anderson, research 

engineer, discusses some of the humidifying 
problems. 


By S. M. Anderson* 


of the window, must be at some intermediate tempera- 
ture between 72 F and 0 F, depending chiefly upon the 
over-all rate of heat transmission through the glass. 
When this intermediate temperature coincides with the 
saturation temperature of the moisture within the room, 
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Fic. 1—Resutt or Tests on Morsture Deposit on OrDINARY 
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20 Per Cent Revative Huminity Insipe. Betow—A Dovuse 

Giass Winnow With 28 Per Cent Revative Humipity 
INSIDE 


a condition of equilibrium is established which would be 
unbalanced by any further addition of moisture, caus- 
ing such additional moisture to be deposited from the 
inside air upon the inside window surface. 

This equilibrium temperature is known as the dew 
point because of its frequent occurrence in nature in 
the formation of dews on the grass, leaves and other 
chilled surfaces. Fortunately, in most building construc- 
tion, the window glass is the coldest inside surface of 
wide occurrence, and if the moisture content of the 
rooms of any home is kept within the limits of the dew 
point of the windows, there will be no deposit of mois- 
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ture elsewhere about the house. The dew point tem- 
perature, therefore, is a determining factor in establish- 
ing the maximum amount of humidity that can safely be 
added to household air, and a disregard of the phenome- 
non of moisture deposit at the dew point temperature 
may lead to trouble through over-humidification. 

Tests (see Fig. 1 )indicate that when the tempera- 
ture out-of-doors is 0 F and the temperature of the room 
in 72 F, the first trace of moisture occurs on single glass 
windows at 29 F dew point, and on double glass win- 
dows at 37%4 F dew point within the room. It is inter- 
esting to note that the deposit on the single glass window 
would be in the form of frost because the dew point in 
this instance is below the freezing point of water. Under 
such conditions, therefore, to obtain an inside tempera- 
ture of 72 F without getting more than a trace of mois- 
ture on the windows, the maximum relative humidity 
that would be permissible would be 20 per cent for 
single glass and 28 per cent for double glass windows. 


Owing to these low relative humidities, the room 
would feel under-heated, and it would be necessary to 
heat it to approximately 78 F to give the optimum com- 
fort temperature. This additional heat would have the 
effect of producing an even lower relative humidity with 
the same dew point. 

Without some method of humidity control, therefore, 
in those portions of the country where the temperature 
is likely to fall to 0 F or lower, it would be unsatisfac- 
tory to install a system that would produce a relative 
humidity higher than 20 per cent for single glass and 28 
per cent for double glass windows; yet it should not be 
necessary to penalize the humidity system of a home for 
the entire winter by requiring this low humidity each day 
of the season in order to prevent excessive condensation 
during the occasional extremely cold weather. 

Only on days when the outside temperature is between 
35 F and 45 F (depending upon the exposure of the win- 
dows and on whether they are of double or single glass) 
is it possible to obtain a temperature of 72 F inside a 
house and a relative humidity of 50 per cent without the 
slightest trace of condensate forming on the window 
panes. An analysis of the experimental results illus- 
trated in Fig. 2 will demonstrate this. It should be 
borne in mind that authorities are now well agreed that 
72 F and 50 per cent relative humidity represent com- 
fortable and healthful winter time conditions and are 
conditions of air temperature and moisture content to 
be desired in winter on as many days as possible. The 
nearer any apparatus can bring the air of a home to 
this temperature and relative humidity, the more ideally 
is the system designed. 


Maintaining the Proper Indoor Conditions 


Consider for a moment, quantitatively, what it would 
mean to attain the desired air condition of 72 F and 50 
per cent relative humidity in an average sized home. 
For purposes of comparison, assume a house having a 
cubical content of about sixty thousand cubic feet, and a 
radiation heat loss through the walls of seventeen hun- 
dred Btu per hour per degree mean temperature differ- 
ence between inside and outside air temperatures. This 


represents a fairly close approximation of the relation- 
ship between the cubical content and radiation losses of 
a well insulated house. 





and Air Conditioning 


Assume a dew point temperature of the outside air 
equivalent to 10 F. This may be a dry bulb tempera- 
ture of 10 F and 100 per cent relative humidity, or 20 F 
dry bulb temperature and 60 per cent relative humidity, 
which is a more usual condition for severe winter 
weather. The temperature to which the house must 
then be heated to give an optimum comfort condition 
for winter time without the use of any sort of humidi- 
fier would be 81 F dry bulb temperature (from a com- 
fort chart). 

Owing to the fact that the air within the house comes 
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from the outside (it is customary to allow a complete 
air change every hour due to natural leakage) the air of 
the house would also be at a dew point temperature of 
10 F, and the relative humidity under these conditions 
would be only 6 per cent. However, due to the fact 
that there is a very pronounced tendency for moisture 
to evaporate into the air from plants, food, furniture 
and persons living in the house, the dew point would 
probably be raised to about 20 F instead of being main- 
tained strictly at the dew point of the outside air, as 
estimated above. Under these conditions, it would be 
necessary to heat the house to 80 F dry bulb temperature 
to give the same degree of optimum comfort, and the 
relative humidity would then be only 10 per cent. Ob- 
viously enough, this is far from the ideal condition of 
72 F dry bulb temperature and 50 per cent relative hu- 
midity, yet it represents exactly the same degree of com- 
fort. 
Amount of Heat Necessary 


The amount of heat necessary to maintain these tem- 
peratures can be determined by a simple calculation. 


Outside temperature 20 F 
Inside temperature 80 F 
Specific heat of air .2375 





308 


Air density at 20 F .0828 Ib. per cu. ft. 
Heat lost by radiation 1,700 (80°—20° ) =102,000 Btus per hr. 
Heat lost by air 

leakage 60,000 .0828 
< (80°—20° ) 
= 70,800 Btus per hr. 


172,800 Btus per hr. 


(assuming one air 
change per hour) <.2375 





Total heat required 


The amount of water evaporated from a humidifying 
system to give the above conditions would, by hypothe- 
sis, be O gallons per hour, inasmuch as the moisture ab- 
sorbed from natural sources about the house is not con- 
sidered in this discussion. 


The Same House with 50 Per Cent R. H. and 72 F 


Now consider the same house outfitted with an ample 
humidifying system and heated to the same optimum 
comfort temperature, but to 50 per cent relative humid- 
ity and only 72 F dry bulb temperature. 


Outside temperature 20 F 

Inside temperature 72 F 

Air density at 20 F .0828 Ib. per cu. ft. 

Total heat per pound of air 19.7 Btus per Ib. 
(to humidify from 20 F (taken from psychro- 
and 60 per cent relative humidity metric chart) 
to 72 F and 50 per cent relative 
humidity ) 

Heat lost by radiation 1,700 (72°—20° ) =88,500 Btus per hr. 

Heat lost by air leakage 60,000 .0828 19.7—=97,900 Btus per hr. 





Total heat required 186,400 Btus per hr. 


At this point it should be noted that in this case ac- 
tually more heat is required to give the lower tempera- 
ture of 72 F and 50 per cent relative humidity than to 
give the higher temperature of 80 F with only 10 per 
cent relative humidity. This may in part be due to the 
original assumption of a full change of air by natural 
leakage in the house every hour. Some authorities may 
consider this assumption too generous for a well built 
house. If the air leakage is accordingly reduced by 50 
per cent, the comparisons would be altered by a propor- 
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tionate decrease in heat losses, and the following results 
would obtain : 
Outside temperature 20 F 
Inside temperature 80 F 
Heat lost by radiation 102,000 Btus per hr. 
Heat lost by air leakage 35,400 Btus per hr. 





Total heat required 137,400 Btus per hr. 
Outside temperature 20 F 
Inside temperature 72 F 
Heat lost by radiation 88,500 Btus per hr. 
Heat lost by air leakage 48,950 Btus per hr. 





Total heat required 137,450 Btus per hr. 


Based upon the above figures, the amounts of total 
heat required are practically identical. 


Amount of Water Evaporated 


If an analysis is made of the actual water evaporated 
to produce the ideal temperature of 72 F and 50 per 
cent relative humidity, even more surprising results are 
evident. 

Amount of moisture in air at 20 F 

Amount of moisture in air at 72 F and 

50 per cent relative humidity 
Pounds of moisture required to attain 
72 F and 50 per cent relative humid- 
ity (assuming one air change per hour) 60,000 (.000630- 
.000181) = 
26.9 Ib. per hr. 


.000181 Ib. per cu. ft. 


.000630 Ib. per cu. ft. 


Gallons of moisture required to 
attain 72 F and 50 per cent 
relative humidity (assuming 
one air change per hour) 

(1 gal. of water — 8.33 Ib.) 

If a figure of one-half an air change an hour is con- 
sidered correct, there would be required just one-half 
of this amount, or 1.62 gal. per hr. of moisture, over 
and above that which would be supplied by plants, fur- 
niture, food, etc., within the house. 

With an outside temperature of 35 F and 55 per 
cent relative humidity, such as might be represented by 
the double glass window shown in Fig. 2, there would 


26.9 — 8.33 = 3.23 gal. per hr. 
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have to be an evaporation of 2.35 gal. per hr. to give 
72 F and 50 per cent relative humidity inside, assum- 
ing a full air change every hour, and 1.18 gal. per hr. 
evaporation on the basis of half an air change hourly. 

Throughout this analysis, no attempt is made to allow 
for moisture condensed from the air on the glass win- 
dow surfaces in cases where the temperature of the glass 
is below the dew point temperature of the room. Mois- 
ture condensed in this manner is, in effect, simply trans- 
ferred from the humidifier to the window surface and 
consequently must be considered as useless moisture 
evaporated by the humidifying system. 


The Necessity of Some Method of Control 


Supplying the proper humidification that will not give 
trouble during the coldest days of winter (condensation 
may discolor woodwork, streak wall-paper, etc.) is a 
problem that must be met by some sort of control, pref- 
erably automatic. The following example may serve to 
illustrate the need of maintaining a balance between the 
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the interest in the photo-electric cell, perhaps it would 
be well to describe its function in controlling the humid- 
ity in the home mentioned above. 


How the Control Works 


This control functions only as a deposit of moisture 
is made on a transparent medium—such as either a 
single or double glass window. (A diagram is shown in 
Fig. 4.) It consists fundamentally of a source of light 
and a lens creating a beam of light which shines through 
the window and is reflected by a mirror upon a photo- 
electric cell which is sensitive to the intensity of the 
light falling upon it. This photo-electric cell is the 
same element that is used in certain processes of record- 
ing talking moving pictures, and consists essentially of a 
sort of radio detector tube which is sensitive to changes 
of light intensity rather than to oscillations of radio fre- 
quency. 

When the window glass is clear, the full intensity of 
the light from the light source passes through the glass 

and falls upon the photo- 
electric cell, causing it to 


JOVOLT A.C. operate, through an amplify- 
POWLT? SOURCE ing tube and a control relay, 


the particular type of humidi- 
fying apparatus to which it 
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SENSITIVE T0 L167 VARIATIONS 


output of the humidification system and the condition of 
the incoming air: 

In a residence in Baltimore there has been installed 
a humidifying apparatus intended to supply water vapor 
to the air of the entire house by means of a fan sys- 
tem and connecting supply and return duct work. Water 
is recirculated through four nozzles in this system, and 
only a portion of the air of the house passes through 
the humidifying chamber. The entire volume of air 
in the house passes through the fan system in about 
six minutes, this large volumetric displacement being 
necessary as the apparatus is intended for summer cool- 
ing as well as for winter heating. 

The owner, desiring to humidify his home before the 
control system was completely installed, switched on 
the apparatus one cold day last winter and awaited re- 
sults. Within fifteen minutes every window in the 
house had become coated with moisture and even the 
mirrors on the walls showed signs of condensation. 
Needless to say, the humidifying nozzles were imme- 
diately shut down until after the installation of the hu- 
midity control system. 

The humidity control apparatus used in this Baltimore 
home involves the use of the photo-electric cell, a device 
which has attracted considerable interest in engineering 
circles lately, as it has many applications. Because of 





may be connected. Thus, as moisture is continually added 
to the air of the house as the air is passed through the 
humidifier, the dew point is raised thereby until it 
reaches such a temperature that moisture begins to con- 
dense on the window. As soon as the condensate begins 
to form on that portion of the window through which 
the light is shining on its reflected course to the photo- 
electric cell, a portion of the light is diffused beyond the 
field of action of the cell by the drops of water col- 
lected on the glass. This causes a reduction in the in- 
tensity of the light falling upon the cell, which in turn 
causes the control relay to open, shutting down the hu- 
midity supply apparatus until the window pane is again 
clear. 

This window will, of course, remain fogged for per- 
haps an hour until the average dew point of the air in 
the room, and particularly that of the air which is cir- 
culating near the window, has fallen low enough to pre- 
vent further condensation upon the glass and to evapo- 
rate what moisture is already there. Conversely, when 
the window is again clear, the apparatus supplying the 
humidity is automatically caused to resume operation. 
Therefore, the control always provides the maximum 
relative humidity allowable for each day of the winter— 
which, as has been pointed out, will be approximately 50 
per cent during the major part of the time. 
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Modern Heating and Air Conditioning 
Practices Applied to a Bank 


HERE are a few unconventional procedures in 
the large mechanical plant of the Ohio Bank 
Building at Toledo which it may be interesting 


to record. 


One exceedingly unusual feature is that the archi- 
tects, Mills, Rhines, Bellman & Nordhoff (of Toledo), 
while carrying an assuredly competent staff of me- 


chanical engineers for their 
own exclusive service, often 
employ an outside engineer 
on the larger and more im- 
portant projects in the hope 
that by so doing they may re- 
ceive suggestions and criti- 
cisms induced by the broader 
horizon of the consultant. The 
writer cooperated in this man- 
ner on the Ohio Bank build- 
ing. This cooperation was en- 
tirely at the initiative of the 
architects, and is a refreshing 
alternative from the routine 
situation in which the inde- 
pendent engineer so often is 
rather forced upon the archi- 
tect. 


Boilers Suspended from 
Structural Steel 


The boilers serve the new 
building, and also furnish 
steam for heating the old 
Ohio building, now called the 
Board of Trade building, with 
supply and return mains ex- 
tended through a private tun- 
nel across the street. The boil- 
ers are interesting especially 
because they are suspended 
from the structural steel of 
the building itself, and are 
among the first boilers of the 
low pressure firebox type to 
be so suspended above the 
stoker retorts rather than to 
be supported on the masonry 
surrounding the stokers. It is 
fair to say, in this connection, 
that independent supports for 
stoker-fired low pressure boil- 
ers are coming rapidly into 
vogue. 


* Consulting engineer, Chicago. 


By Samuel R. Lewis* 


Here's a description of a heating and air condi- 

tioning system in a bank; its several rather unu- 

sual features will suggest helpful ideas to other 
consulting engineers and contractors. 


The boilers are supported on the building struc- 

tural steel rather than on the masonry surround- 

ing the stokers. The contractor on the job 

devised an interesting method involving a 

pneumatic receiver arrangement for boiler pro- 

tection in case of pump failure. These and 
other points are covered. 





Tue Main BANKING Room. Tue Arr INLETS TO 

THE Pusric Space ARE SLOTS IN THE SIDES OF THE 

TRANSVERSE BEAMS AND ARE ALMosT INVISIBLE 
ABOVE THE OcTAGONAL MEDALLIONS 
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Underfeed Stokers Are Used 


The boilers have unit type electrically-operated 
forced draft underfeed stokers, which receive the bi- 
tuminous screenings which are used for fuel by grav- 
ity from overhead bunkers, which in turn are fed 
from coal trucks in the alley, without any of the 


manual or mechanical labor 
ordinarily required for coal 
handling. Ashes are removed 
in cans on a special elevator. 
Air for combustion comes 
from the exhaust fan in the 
adjacent engine and machin- 
ery room, being proportioned 
consistently for that purpose. 
The plant is well equipped 
with combustion controlling, 
indicating and recording in- 
struments. 


Automatic Governor Controls 
Centrifugal Feed Pumps 


The boilers, operating at 15 
pounds or less steam pres- 
sure, are fed by an electric 
centrifugal pump which al- 
ways maintains a head of at 
least twenty pounds against 
an air cushion in a large pres- 
sure tank, from which the 
water enters each boiler in a 
steady and closely-controlled 
stream as governed by an au- 
tomatic water-line governor 
on each boiler. The various 
vacuum pumps discharge into 
an atmospheric receiver, 
which feeds the boiler feed 
pump. 


Contractor Devises Boiler 
Protection Scheme 


Should the water level in 
the atmospheric tank drop 
sufficiently from any cause so 
as to open a balanced float 
valve, city water, which is al- 
ways at about fifty pounds 
pressure, will enter the tank, 
providing water for the boiler 
feed pump, and if the pump 
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IN THE REFRIGERAT- 
ING PLANT USED FOR 
Air CONDITIONING, 
TuHere Is a CARBON 
DioxipE COMPRESSOR 
DrivEN BY A DrREcT- 
CoNNECTED ELECTRIC 
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a td 
fails will be fed directly by the automatic feeders. a asa beer 
There is, of course, a relief or safety valve on the |} —— ——— ST tes 
pneumatic tank and the usual vent and overflow Ay 
arrangements are provided for the atmospheric re- —-—fF 
ceiver. et 
This pneumatic receiver arrangement is an unique —s 
scheme for boiler protection in case of pump - 
failure, and was devised by Howard C. Baker, SS eS eS SS * a | wes 
the contractor who installed the whole plant. 
All oil-burning and all gas-burning boilers, and | ae, age * rg | 
all stoker-fired boilers, should have automatic "+ ot 
water feeders and low water cut-outs which 
will stop the fire in case of low water. When 
dependence is made on pumps for boiler feed, 
the automatic water feeders for city water es- 
pecially are desirable. It is much safer to 
keep these devices limbered up and in perfect 
adjustment if they operate constantly, rather 
than if they operate only in the rare emergency 
when a pump failure occurs. The procedure 
of introducing all boiler feed water through al ta 
the automatic feeders, therefore, possesses de- 
cided advantages over the more common prac- 
tice of using the automatic feeders for emer- 
gencies only. 
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New Building Has Zoned Vacuum System |, Lact Seace 
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The new building is provided with a high> 
vacuum return system for the direct radiation, ~—-————-+} 
arranged in zones according to the orientation 
with different vacuum pumps and pressure = a Ce 
regulators for each zone. : — 

The old Board of Trade building has an 
air-line vacuum system, that is, the radiators 
are fed by a single-pipe down-feed system 
from a separate reducing valve with thermo- 
static air valves on each radiator, all connected pba istersh- 
up with very small sized air piping. These air- ‘ 
removing mains terminated originally at a 
steam jet-driven ejector. In making the new 
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A View or SoME oF 
THE Pumps. Aw In- 
SULATED SUPPLY 
Duct CarryInc Con- 
DITIONED Air May Be 
SEEN AT THE RIGHT, 
OveRHEAD, WHILE AT 
THE Lert Is aN Ex- 
HAUST DucT 


connections for service to the 
old building from the new 
boilers, the air lines were con- 
nected to the suction of a new 
electric vacuum pump, while 
the ends of the old down-feed 
vertical supply mains were 
each provided with a float trap, 
the outlet from which com- 
municated with the suction 
piping of the vacuum pump. 

It is, of course, necessary 
to carry several pounds pres- 
sure above the atmosphere 
on the direct radiation of the 
old system in order to balance this with the direct radia- 
tion of the new system, which may operate at as much 
as twenty-four inches of mercury lower than atmospheric 
pressure. 


Various Operating Pressures Explain Need of the 
Boiler Feed System 


The indirect heating and ventilating apparatuses 
for many departments of the new building, being 
under automatic temperature control and using much 
air directly from out-of-doors, likewise operate at 
pressures which will show on the pressure side of 
the gage, while the boilers normally carry about ten 
pounds steam pressure, feeding each zone or grand 
division of the system through a separate reducing 
valve. These widely different operating pressures 
suggest that the several vacuum pumps could not be 
expected to feed the boilers directly in the conven- 
tional manner, and disclose the reason for the atmos- 
pheric receiver and the separate boiler feed pump. 
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Section THrRouGH Borter Room. Tue Borers Are Sus- 
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Temperature Indicator 


There is provided in the engine room, an electric- 
ally operated temperature-indicating instrument 
which shows the temperature at any one of seventeen 
stations in representative departments of the build- 
ing and in the various parts of each air conditioning 
apparatus. 


Conditioned Air for Deposit Vaults Below Street 
Level 


The safety deposit vaults are placed in the lowest 
public space, which is one story below street level. 
Under the entire safety deposit area, except under 
the space occupied by the vaults themselves, there is 
a clean-cut duct and pipe space about ten feet high. 
The general returns from the direct radiator heating 
system are accessible here. The supply and exhaust 
air ducts for the coupon rooms and other safety 
deposit auxiliaries are in this shallow basement-like 
room. 

The coupon rooms each receive a positive supply 
of conditioned air, and these rooms exhaust to the 
local corridor, which in turn discharges the cool, 
little-used air through and diagonally across the 
safety deposit vault, entering through one door a 1d 
departipe through the other door, with a supply 
auxiliary cool air into the vault through remova! *: 
duct-sections in the main entrance to the vault. T- 
removable duct-section feeds an air supply to dis 
tributing ducts built above and as a part of the safets 
deposit boxes themselves. 


The exhaust air from the vault eventually is re- 
moved through the main toilet and locker rooms for 
the bank employes, located in the basement. Thus 
the deep-down safety deposit department always re 
ceives one hundred per cent air from out-of-doors ; 
all of this air first cooling the coupon rooms; then 

































































































































































































































































































































































































































































THE BASEMENT Is ENTIRELY BELow GRADE 


passing with a perceptible movement through the 
coupon room corridors into the vault, then again in 
an appreciable fresh, invigorating breeze passing 
through the otherwise stuffy corridors used by the 
employes, to aerate thoroughly the locker and toilet 
rooms on its way to the final outlet via the toilet ex- 
haust system ; the inlets to which are placed near the 
sanitary fixtures in each room. 

This method of sweeping large volumes of air from 
one room through another, has been tried thoroughly 
and is one expression of modern air conditioning 
practice. Adequate automatically-controlled bypasses 
are provided to preserve continuity of the air circuit 
around the vault instead of through it at times when 
the doors of the vault are closed. What little heating 
is required for these subterranean departments is 
cdred for by the entering air, but this air, winter 

id summer, usually needs to be somewhat cooler 
nan the air normally in the rooms. The reBister-in- 

‘ts of the air supply for the coupon rooms, fresh 
‘rom the air conditioning plant, are just under the 
counters, and are under control of the customer, who 
may close them during the comparatively short dura- 
tion of each occupancy, if he desires. 

A feature of this entire air circuit is that the cou- 
pon rooms are cool and fresh at all times, as are the 
toilet and locker rooms, without any cost-prejudice 
which would follow conventional separate ventila- 
tion methods, necessitating local ventilation of un- 
occupied rooms and spaces. 
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AND Is PROVIDED WITH CONDITIONED AIR 


Machinery Room Cool and Pleasant 
The machinery room has its own separate supply 
and exhaust systems, with overhead horizontally- 
looking diffusers for air delivery, and with the ex- 
haust fan discharging to the boiler room so as to fur- 
nish an ample supply of air for combustion, with an 
alternative out-board exhaust. The machinery room 
proves to be exceptionally cool and pleasant. 
Supplying Air to Banking Spaces 
The savings bank on the first story receives air 
from a separate system and exhausts to separate 
ducts which permit of recirculation or of out-board 
exhaust. For this department air circulation is hor- 
izontal and downward from furred-in ceiling ducts, 
with the horizontally-looking adjustable diffusers in 
the centers of each bay. These special diffusers are 
a feature of the entire air conditioning The 
few windows are all protected by direct radiators. 


system. 


are two heavily used main entrances on the 
both are provided with electric recirculat- 

Re- 
satis- 


There 
first story ; 
ing fans and indirect heaters of large capacity. 
circulating unit heating machines prove quite 
factory for vestibules in general. 

The main banking room is on the second story and 
continues through to a ceiling midway between the 
fourth and the fifth stories. On each side of this 
capacious room are departmental and work rooms on 
the second, third, and fourth story levels, and all of 
these rooms receive properly conditioned air from 
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J Register Fans and Washers | 
PLAN OF MACHINERY Room. THE 
Air DELIVERED AROUND THE EDGES | 

_ fester} 
OF THE SuB-BASEMENT, THROUGH 
THE ApJUSTABLE INLET DEFLECTOR- | 
Dampers, Is ExHAUSTED OVER Cuaies 
THE Pumps AND WARM PIPING C O — , a YY ¥ 
AND THEN Is Usep to Suppty = cone gaet : Minged Plate 
THE COMBUSTION IN THE BOILER Hgice { Poortine _ 
Room or May Be Pusuep Dt1- a ~ y | YY Sete 
RECTLY TO THE Roor THROUGH {\eegister Register La 
THE OutTspoarD VENT RISER 
course, must be replaced by air from outside, to 

the two main supply apparatuses in the fifth story answer all requirements for renewal purposes. 


pipe space. 

The main banking room, more than forty feet high, 
receives its supply of air from horizontally-looking 
grilles in the sides of the nine transverse girders, 
with auxiliary ceiling-diffusers in the galleries at the 
third story level. The exhaust air leaves the main 
banking room at the floor, to several ducts along the 
side walls, and this air is, to a considerable extent, 
recirculated by the main supply fans; though a full 
sized out-board exhaust shaft is provided through the 
building to an outlet in the roof. 

The auxiliary rooms in this zone have direct radia- 
tion and ceiling diffusers, with outlets along the inner 
walls at the floor. 


Prevent Cool Down-Drafts at Windows 

There are enormous windows at the north end of 
the main banking room, with the very noticeable 
down drafts of cool air which always attend such 
areas. To overcome this draft, special recirculating 
fans with indirect heaters are provided in the pockets 
available above the entrance doors of the first story, 
directly under these windows. 

Warm air is delivered by these fans at rather high 
velocity upward against this glass surface, and the 
scheme proves to be far more effective than conven- 
tional direct radiators without fans. 


The Fifth Floor 


On the fifth story there are provided club facilities 
for bank employes, including a large dining room, 
served by a kitchen. There is an exhaust fan for 
this kitchen, with a separate shaft running clear 
through to the roof. This fan, abetted by the toilet 
exhaust fans, normally provides for removal of 
enough air from the banking room circuit which, of 





The two main air supply systems are located on 
the fifth story, between the main trusses, and there 
are provided longitudinal pipe and duct spaces below 
these trusses and above the bank ceiling. The trans- 
verse trusses of the main banking room are very 
heavy, but are designed so as to allow the central 
north and south corridor to pass through them, thus 
utilizing to excellent advantage all of the spaces be- 
tween the trusses for first class office purposes. 

The upper stories of the building have enclosed 
direct radiators and are without mechanically deliv- 
ered air supply. 

All toilet rooms, however, have mechanical ex- 
haust ventilation with controlled metal risers leading 
.o an exhaust fan in the tower. 


Preventing Chimney Effect of Building 


In all heated lofty buildings, we have experienced 
difficulty from in-going drafts in the lower stories 
and from out-going drafts in the upper stories, due 
to the chimney-effect of the building. An attempt 
was made to overcome this trouble in the Ohio Bank 
building. Supply fans with air filters and heaters 
were installed at the tops of each of the two main 
stair shafts and were arranged to deliver clean tem- 
pered air under pressure into these shafts, which 
have doors at all stories. The results from this scheme 
are highly satisfactory, as the shafts are comfortable, 
and there is a noticeable reduction in the heavy suc- 
tion which usually is manifest at the stair-doors of 
skyscrapers. 


Four Sets of Air Conditioning Equipment 


There are four air cooling and drying apparatuses, 
two on the fifth story for the main banking room and 
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its auxiliaries and two in the basement, one for the 
safety deposit department and one for the savings 
department. ‘These each consist of a series of sprays 
and built-in cooling coils using direct expansion car- 
bon dioxide supplied from an electric-driven com- 
pressor in the basement. Each washer has its own 
local recirculation pump. Each washer has a stand- 
ard bypass provided with a controlled tempering 
heater, and a controlled outside air intake, all being 
so arranged as to cause delivery of air at optimum 
temperature obtained by a suitable admixture of re- 
circulating and outside air, further adapted by a mix- 
ture of the air from the washer with that by-passed 
around the washer, all under automatic control. 


THis PLAN OF THE SEVENTH Story Is TypicaL oF THE REMAIN- 
ING SIXTEEN STORIES. Two Suppty Fan Systems MAINTAIN A 
PRESSURE OF AIR ON THE STAIR HALLS AND THis Arr SERVES 

THE ExHAUST REQUIREMENTS OF THE 
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comparatively small pressure-differences between 
their suction and discharge sides. It becomes neces- 
sary, then, for each machine to have two ratings, one 
for air conditioning and one for ice making, and they 
may be 100 per cent apart. 

The heat removal required in an air cooling and 
drying installation is that for reducing relative hu- 
midity, plus the heat removal required to offset warm 
walls and warm glass and warm air leakage through 
these materials; plus the heat removal required to 
offset the heat gain from electric lights, electric 
motors, etc.; plus the heat removal from the bodies 
of the people. 

The Ohio building refrigerating plant makes no ice 
in any twenty-four hours, yet ordinarily we can not 
visualize this plant until we multiply the basic heat 
removal required per hour by 24 (hours) and divide 
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outside roof. The eliminators are all made of ribbed 
wire glass set in treated cypress. 

The cold air ducts and washer housings are in- 
sulated with % in. of a quilt insulation which fills all 
small voids and pockets against the metal and which 
is held in place and protected by an outside casing 
of % in. board insulation, the corners and joints of 
which are sealed with elastic cement and covered 
with metal tees and angles. 

There are seven supply fans, each with air filters ; 
ten exhaust fans and five recirculating or booster 
fans. 

There is one 190-ton carbon dioxide compressor 
using a double pipe condenser, water for which is ob- 
tained from an artesian well on the property. 


Size of an Air Cooling Plant 


Refrigerating machines when used for drying and 
cooling air do not have to pre-cool the water, as when 
they are used for making ice, and can be operated on 
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the product by 142 (heat in Btus to melt a pound of 
ice) and then divide the quotient by 2,000 (pounds in 
a ton) and so learn that our demand is 270 tons of 
air cooling and drying capacity or about 169 tons of 
ice-making capacity. It seems reasonable to hope for 
an eventual trade custom which will rate these ma- 
chines in Btu per hour. 


Piping Is Gas Welded 


A very extensive use was made of gas welding 
throughout the construction of the plant, on all heat- 
ing and plumbing piping. During the progress of 
construction it was illuminating to observe the facil- 
ity with which the workmen cut and welded all 











special blacksmith work such as trap stands, pipe 
anchors and supports for tanks. 

Expansion of vertical pipes throughout the piping 
system is taken care of by loops or bends which are 
furred into the walls. 


The Heating and Hot Water Systems 

The steam supply system is well subdivided and is 
provided with valves to facilitate zone control in 
winter with economical hot water service in summer. 

The basement and first to fifth stories inclusive 
have blast heating and auxiliary direct radiation 
under automatic temperature control. 

The sixth to twenty-second stories including serv- 
ice stories in the tower have high-vacuum steam 
heating with separate zone control of the direct radi- 
ators on the north and west and on the south and east 
from supply mains in the attic above the sixteenth 
story with returns in the pipe space above the fifth 
story. 
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Hot service water is pro- 
vided by steam heated trans- 
fer-heaters, one for all require- 
ments below the sixth story 
by an apparatus in the base- 
ment; one for the sixth to the 
sixteenth stories by an appar- 
atus in the fifth story pipe 
space, and one for the six- 
teenth story to the top of the 
building, by an apparatus in 





THE WorKING SPACES ON THE FourtH Story ARE ALL Conpt- 
TIONED FOR ComMFort. THE INLETS AND OUTLETS FoR AIR ARE 
ARRANGED So THAT TRANSVERSE ParTITIONS May Be In- 
STALLED WHEREVER DESIRED 
TuHere Is a ConvEcTION Type RADIATOR UNDER Eacu WINpow. 
Tue AuToMATIC TEMPERATURE CONTROL THERMOSTAT May BE 
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the attic above the sixteenth story. The two lower 
zones of these hot water circuits have each an electric 
circulating pump. The hot water heaters receive 
steam from a separate system of piping which is 
served by a gas-fired steam boiler in summer and 
which circulates at that time by gravity. 

Cold water is fed to the separate-pressure heating 
zones above described for the hot water circuits, 
through separate pressure reducing valves with house 
pumps on a by-pass around a main-line reducing 
valve arranged to take advantage of the city water 
pressure. This pressure normally is available to serve 
the lower zone of the building. 

The plant is remarkable in the fact that service 
complaints have been very few, both in summer cool- 
ing and in winter heating. Credit for at least part of 
this is due to the efficient operation of the plant by its 
staff. 





Re-Routing Ducts Without 
Charts 


By Venry G. Schaefer 


T IS unquestionably a difficult and tedious task, 

though one not without its recompense, for the en- 
gineer to design properly a system of duct work for a 
given purpose. In the development of the design, not 
the least of the duties of the engineer is the consideration 
of the space requirements of the system and the co- 
ordination of the ducts with the piping of the plumbing, 
heating and sprinkler equipment, as well as with electric 
trunk conduit and structural work. 

We all appreciate, however, that installations that 
are made exactly as planned, and in which no deviations 
from the original conception occur, are woefully in the 
minority. How often is the engineer summoned to a 


conference on the job or at the architect’s office to re- 
route and re-proportion a duct so that some afterthought 
in the matter of arrangement may be cared for, or that 


a special requirement of a particular tenant may be met? 
All too often, we will all agree. 

A conscientious engineer will refuse to name definite 
sizes at such a conference, for he knows that a re- 
proportioning of duct sizes on the basis of equivalent 
areas is just an open invitation to trouble. His refusal 
is variously construed as ignorance or indifference, and 
is certain to react to his disadvantage. 


Rule-of-Thumb for Changing Duct Sizes 

A good rule-of-thumb for use in such emergencies, 
and one which will produce almost accurate results—at 
least results that will be accurate enough for all prac- 
tical purposes—has long been used with consistent suc- 
cess by the writer. This rule is based on the theory 
that a lubricating layer of air, adjacent to the duct sur- 
face, about 114-in. in thickness, cuts down the effective 
cross-sectional area of the sheet metal duct three inches 
in each dimension, 


A Specific Case 


Let us assume a specific case: a 16 in. x 20 in. must be 
re-routed through a ceiling in which only a 6-in. depth 
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is possible. Now instead of considering the duct as 
16 in. x 20 in., consider only its effective area of 13 
in. x 17 in. or 221 square inches. We likewise consider 
only 3 in. of the new 6 in. depth as the effective depth. 
By dividing this into 221 we find the effective width 
required to be 74 in. to which we must add the three 
inches of lubricating air to give us the total of 77 in. of 
duct width. 

This simple method, when applied to sheet-metal ven- 
tilating ductwork carrying air at from 600 to 1,500 feet 
per minute will give remarkably accurate results, and per- 
mits the engineer to confidently give “on the spot” in- 
formation, without making it necessary for him to be 
fortified with a formidable array of charts and sizing 
tables. 


Advantage in Its Use 


One great source of trouble in commercial building 
work is the misdirected zeal of the sheet metal worker, 
who will cheerfully change sizes on the basis of gross 
areas in order to accommodate other crafts, with the best 
of intentions, and later will most naturally and sulkily 














“Open for Discussion” 


Factors to Consider in Evaporator Design—Underground Steam 
Main Location 


resent censure for what he had considered a generously 
performed charitable deed, deserving of commendation. 

By giving immediate decisions in the field, the en- 
gineer preserves the complete confidence of the con 
struction crew, always a desideratum. This results in 
him being fully informed in the matter of “field changes” 
and gives him the advantage of following the construc- 
tion work in detail—a privilege denied the man who 
finds it necessary to go back to the office to get re- 
quired information for the mechanic, which, by a peculiar 
but potent freak of psychology, is sufficient to cause the 
field workers to carefuly hide from him any and all traces 
of liberties taken with the lay-out. A small matter, yes; 
but what a difference in the testing out of the job 
and what a difference in the performance of the equip- 
ment ! 

It must, of course, be understood that the 1™%4-in. thick 
“ineffective area” at the duct walls has only a remote 
resemblance to fact. The conception is, however, a con- 
venient one in this particular application, since a happy 
combination of causes makes for approximate accuracy 
of result when used as described. 




















The Design of Evaporators 


By Edgar E. Ambrosius* and John C. Reed* 


FTER reading Mr. Vetter’s article on the design of 
evaporators! in the January issue, we wish to give 
some additional points worthy of consideration. 

It appears that Figs. 1 and 2 may lead the reader to 
false impressions. These figures apparently intimate that 
there is very little or no increase in volume as the liquid 
ammonia passes through the expansion or pressure re- 
ducing valve; that is, there is very little or no liquid 
flashing into vapor immediately after passing through 
the expansion valve. 

Actually, there will be a sudden increase in volume and 
a portion of the liquid will flash into vapor at the re- 


. Instructor in Mechanical Engineering, University of Illinois, Urbana, 


“Factors Affecting the Design of Evaporators,”” by Herman Vetter. 


HeatinG, Piping anp Air ConpitioninG, January, 1931, p. 40. 


duced pressure. This would be especially true in the 
top feed evaporator, Fig. 1, and possibly to a slightly 
lesser extent in Fig. 2 due to the static head created by 
the liquid in the evaporator. This expansion phenomenon 
can easily be shown by means of the temperature-entropy 
diagram, as shown in Fig. A. 

Suppose liquid ammonia at a temperature of 86 F 
exists on the high pressure side of the reducing valve. 
This is shown at point 7 and the liquid has a specific 
volume of 0.02691 cu. ft. per lb. at this condition. 
Assume that the liquid passes through the valve at a con- 
stant heat content, down to 5 F, as is represented by the 
expansion curve 1, 2. At this point the liquid ammonia 
will have a specific volume of 0.02431 cu. ft. per lb. and 
the vapor 8.15 cu. ft. per Ib. 

The heat of the liquid at point 7 is 138.9 Btu per Ib. 
At position 2 the heat content of the liquid is 48.3 Btu 
per Ib. and the vapor has 565 Btu per Ib. 
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Then Ay == -+Le + he 
or 138.9== +565 + 48.3 
138.9 — 48.3 
xX 100 16.05 per cent 





t= 
565 

That is, under the conditions stated, which are considered 
standard, 16.05 per cent of the liquid will flash into vapor 
as soon as it passes through the expansion valve, corre- 
sponding to a change in volume from .0269 cu. ft. per Ib. 
to 1.326 cu. ft. per lb. This corresponds to an increase 
in volume of nearly 50 times which is not shown in either 
Fig. 1 or Fig. 2 of the article. 

The gas velocity curves that accompany Fig. 10 and 
11, we feel are not strictly correct. It would have been 
much clearer had Mr. Vetter designated the vertical dis- 
tance with a suitable velocity scale. 

The arrangement which was given in Fig. 10 as well as 
Fig. 11 will give a very sudden increase in velocity as the 
gas leaves the cooler. Fig. 10 should have a velocity 
curve like the solid line, instead of the dotted line as 
shown in Fig. B. Should there be a suitable baffle in 
the liquid trap so that the gas does not blow directly 
through the trap, Fig. 11 should have a velocity curve 
similar to the solid line, instead of the dotted line as 
shown in Fig. C. 

Mr. Vetter states that the gas in the suction line often 
reaches a velocity as high as 2,400 ft. per min. Perhaps 
this was given as a conservative value and applies to his 
design, but it has been our observation that it is quite 
common to find this velocity varying from 2,000 to 4,000 
ft. per min. 

If one were to represent graphically the temperature 
conditions encountered in the baudelot cooler, (Fig. 12 
of Mr. Vetter’s article) they would appear as shown in 
Fig. D, (liquid feed at the bottom). 

If the pressure remains constant the refrigerant will 
boil at a constant temperature and as the brine or water 
descends in the cooler it becomes colder; if the re- 
frigerant is fed into the top of the cooler this condition 
may be represented by reversing the direction of the 
arrow on the refrigerant curve in Fig. D. The net re- 
sults are the same as far as heat transfer is concerned, 
regardless of top or bottom feed. Therefore, we can- 
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not see any material advantage of counter-flow over 
parallel flow in the baudelot cooler. 
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In the formula, sq. ft. surface = . 
Coeff. * T.D. 

is defined as the tem- 
perature difference be- 
tween the outside and 
inside of the evapora- 
tor surface. We feel 
that the average or 
mean temperature dif- 
ference of the brine, 
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Taste 2—TypicaL HEAT TRANSFER COEFFICIENTS 
Heat TRANSFERRED Corrricient 
Typz or EvAPORATOR 

. Bro Heat TRansrer 

From To Per Sq. Fr. Per Dec. 
Direct Expansion (Fig. 1) Air Refrigerant 2.5 
Direct Expansion (Fig. 2) Air Refrigerant 2.5 
Flooded Type........... Brine Refrigerant 15.0 
Radiator Type.......... Brine Refrigerant 70.0 
gg, re Brine Refrigerant 70.0 
Shell and Tube Cooler... . Brine Refrigerant 75.0 
Baudelot Cooler......... Water Refrigerant 80.0 














It is realized that in calculating the evaporator surface 
required for a given set of conditions, the coefficient of 
heat transfer is of vital importance. In Table 2, Mr. 
Vetter gives 2.5 Btu per sq. ft. per degree, as a value 
for a direct expansion evaporator with liquid feeds at 
both the top and bottom (see Fig. 1 and 2). We ques- 
tion this because surely more heat per sq. ft. of surface 
will be transferred in the coil shown in Fig. 1 than in Fig. 
2, for it contains much more liquid. Thomas Shipley has 
shown that the evaporator having the most wetted sur- 
face is the one that will transfer the most Btu per sq. ft. 
per deg. diff. per hr. Primarily the rate of heat transfer 
is the most essential factor in the design of an evaporator. 
For this reason we would think that a direct expansion 
evaporator with a liquid feed at the bottom as shown in 
Fig. 1, would give a higher coefficient of heat transfer 
than one with the liquid feed at the top. 

Also we cannot justify the difference of 15 to 75 Btu 
per sq. ft. per degree, between the flooded type and the 
shell and tube type evaporator. It seems that the condi- 
tions of brine and refrigerant with respect to the sur- 
faces are the same in both types of evaporators. There- 
fore, we would expect to find similar coefficients for these 
two types. These coefficients seem low—perhaps they 
are based upon conditions of earlier design—because the 
work of Shipley gives test values of 125 to 150 for 
evaporators of present day design. 


In using any coefficient for calculations in the design 
of equipment, one should be sure that the coefficient 
chosen applies in that specific case. We feel that Mr. 
Vetter’s values in Table 2 are correct but that he should 
have given the conditions and limits under which these 
coefficients are applicable. 

Mr. Vetter has very successfully given the most im- 
portant factors affecting the design of evaporators by 
enumerating the factors governing the coefficient of heat 
transfer. We wish to suggest that there are at least 
two more factors that are of vital importance: 


5. Condition of the inside surface of the evaporator. 
6. Circulation or velocity of the refrigerant. 


The evaporator of a refrigerating plant is of great im- 
portance regardless of its type. The refrigeration pro- 
duced is dependent upon the heat transfer through the 
evaporator walls. The requirements for the best heat 
transfer depends also upon the conditions of the inside 
as well as the outside surface of the evaporator walls. 
Mr. Vetter has spoken of the outside surface and the 
circulation of the element being cooled. It is of equal 
importance, however, to have the refrigerant circulated 
freely and to have the inside surface free from grease, 
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oil scale, and rust because failure in observing these pre- 
cautions tends to insulate the surface and cut down the 
rate of heat transfer, thus defeating the fundamental 
purpose of the evaporator. 





Locating District Steam Mains 
By D. 8. Boyden* 


EGARDING the location of steam mains, too 
R much emphasis can not be placed on the value 

of preliminary surveys and investigations. Gen- 
erally the engineering departments of the cities and 
public service corporations are very willing to co-oper- 
ate, especially after the fact is called to their attention 
that it is in their interests to do so, as many times a 
dangerous or troublesome situation can be avoided by a 
little preliminary study. 

In many cities, unfortunately, there is no engineering 
board in charge of the apportionment of locations and 
the location is wholly dependent upon the position of 
existing structures in the street. In this case the situa- 
tion is rather more complicated, especially as, owing to 
changes in street lines and other causes, the pipes and 
conduits in many cases are not parallel with the street 
lines. 

Location in Sidewalk 


While a location in the sidewalk is in many ways very 
desirable there are several objections. In the first place, 
when the soil is at all loose and the foundations of the 
buildings have to be carried down very deep, the con- 
struction of the foundations of a new building is very apt 
to damage seriously steam mains so placed. Poles and 
standards, while they may not be set deep enough to 
interfere with the conduit, have to be supported and 
braced and when there is a lateral pull on them (as in 
the case of trolley poles) this is sometimes rather diffi- 
cult. 

The depth of sewer connections is dependent on the 
depth of the basements, and when the conduit is near 
the building wall it is very difficult to relocate them, as 
they generally are built solid through the foundations, 
and in any case it means rebuilding the whole length. 

In some cities they allow areaways to extend to the 
curb and the company is at the mercy of the owner of 
the abutting property, who naturally is not going to 
allow pipe to be extended through what he considers 
his property without compensation of some sort. 

Last, but not least, unless there is some regulation 
as noted in this article’, when keeping pipes down to 
a certain minimum depth, it is often times very difficult, 
if not impossible, to make the service pipe drain from 
the service valve back to the main where the valve is 
located in the building, and the building is across the 
street. 

Tunnelling 


Mention is made of installation by tunneling. Some 
municipalities do not allow this, and in wet ground 
unless more than twenty feet below the surface the 
advisability of this method is questionable. 


* Superintendent, Steam Heating Service Department, The Edison Elec 
tric Illuminating Company of Boston. 


_' Determining the Location of District Heating Mains, by John F. Col 
lins, Jr., Heatinc, Piptnc anp Arr Conpitioninc, October, 1930, p. 817. 














This is the fourth and last of the 
articles on the selection of sterilizers 
for use in hospitals, emergency oper- 
ating rooms, laboratories, doctors’ 
offices, etc. In this installment the 
author includes information on ster- 
ilizer connections, vents and the 
prevention of contamination of the 
sterilized or distilled water. 


Selecting Sterilizers 


Article No. 4 














Fic. 
BUILT-IN 
THE New Swurcicat Pavit- 
ION OF THE MICHAEL REESE 
HOosPITAL 


1—A_ VIEW 
STERILIZERS’ IN 


OF THE 


By Rollo E. Gilmore* 


Hot Air Sterilizers 

OT air sterilizers are extensively used by the 
United States medical department. The con- 
struction of the hot air sterilizer is usually 
of sheet iron, with single, double or triple shell, or 
jacket, covered with asbestos, or equivalent non-con- 
ducting insulation, and provided with an enclosed 
base and perforated shelves. A built-in gas burner 
with control valve, mixer, etc., permits the use of 
either natural or artificial gas, or may be adapted for 
using kerosene burners. This type of hot air sterilizer 
is usually equipped with a ventilating chimney in the 

top, a damper, and sliding ventilators on each end. 
With the hot air sterilizer it is possible to obtain 
temperatures from 175 to 185 C and maintain them 
throughout the sterilizing chamber when heated with 
either gas or oil. No automatic regulating is neces- 
sary. This sterilizer may also be had in the electric 
heated type, in which case a three-point snap switch 
is usually provided and the air sterilizer equipped 
with multiple heating elements. The temperatures, 
and wattage consumed, are: For low heat, or 90 C, 
275 watts; for medium, or 140 C, 515 watts; and for 
high, or 205 C, 1,000 watts. A 200-degree centigrade 





* President, Chicago Association of Consulting Engineers; engineer, 


Schmidt, Garden & Erikson, architects. 
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thermometer is usually included with the hot air 
sterilizer. 

The hot air type sterilizer may be had in a number 
of standardized sizes, several of which have inside 
dimensions approximately as follows: 


W IpTH DepTH HEIGHT 

INCHES INCHES INCHES REMARKS 
18 9 12 One shelf 
24 14 18 Two shelves 
30 18 24 Three shelves 
36 20 30 Three shelves 


Blanket Warmers, Bed Pan and Solution Cabinets 


Blanket warmers seldom are included with sterilizers 
but in some instances are furnished, especially when 
a saline solution compartment is made a part of the 
cabinet. Occasionally the cabinet is designed to in- 
clude bed pans. Cabinets are often made to hold 
blankets, bed pans and saline solution in the same 
space. The objection to storing bed pans and urinals 
in the same cabinet space as saline solution for in- 
travenant work is obvious. Bed pans and urinals 


when heated are bound to have odors and these will 
penetrate through the gauze in flask necks, which we 
must admit is never to be recommended as suitable 
for injecting into the blood stream. 

Cabinets are made with legs or brackets where ex- 
They are 


posed, or for building in flush as required. 
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usually constructed of insulated walls of 18 gage rust- 
resisting metal, in both single and double wall de- 
signs, with flush soldered joints and single or double 
ply doors swung on ball-bearing hinges and equipped 
with eccentric type latches to pull doors up tight. 

Shelves for the storage of blankets should be per- 
forated and removable. The solution compartment 
should have a drained water-tight shelf. Cabinets 
containing bed pans should be vented to atmosphere 
for escape of odors. These cabinets are usually de- 
signed for the following approximate sizes: 


WipTH DerTH HEIGHT 
INCHES INCHES INCHES 
18 24 2 
24 24 72 
18 30 72 
36 24 72 
30 18 72 


Cabinets for solution warming only usually are 
designed for the following approximate sizes: 


WIpTtH DEPTH HEIGHT 
INCHES INCHES INCHES 
18 8 34 or 16 
30 & 34 or 16 


If steam heated, a % in. steam supply and % in. 
steam return and drip should be provided; a waste 
connection may be provided if desired. If electric- 
ally heated, the heating element should be air-tight 
and provided with a multiple heat switch and should 
preferably be equipped with a pilot light which no- 
tifies the operator when it is in use. In some in- 
stances both steam and electricity are used for heat- 
ing, especially when the steam plant is shut down 
during the summer months. 

A thermostatic temperature regulator is desirable, 
especially for saline solution use, to cut off the cur- 
rent or steam when the contents reach a specified 
temperature, which is usually 110 F. 


Sterilizer Connections and Service 


The roughing-in for sterilizers should extend ap- 
proximately one and three-quarters inches from the 
finished wall and should be left capped with the ex- 
ception of the waste of the exposed hopper type bed 
pan washers and sterilizers which should extend nine 
inches from the wall and be capped. In the cases of 
combination sterilizer mountings the pipe may be 
brought to common outlets at the back of the appa- 
ratus practically flush with the stand. 

Steam heating of sterilizers is usually preferable 


Heating-Piping 
and Air Conditioning 


321 


lated to give a constant uniform pressure of approx- 
imately five inches of water. 

Electric heated sterilizers are often selected where 
the electric current rates are economical for heating, 
or where the institution generates its own current. 

Three heat switches are desirable and full auto- 
matic control or thermostats for temperature cut-out 
should be provided on all electric heated equipment. 
On the boiling type, one of the cut-offs should be 
arranged to cut off the current to one heating element 
when the water reaches the boiling point, and on the 
others, when the heat rises to a dangerous point, the 
thermostat should automatically shut off and turn on 
again when the sterilizer is cooled or when more 
water is put in. 

The current consumption tests are given in the pre- 
ceding paragraphs under each equipment heading, 
and generally were based upon 150 F filling water 
temperature so that for actual operation the figures 
are low and should be increased possibly 50 per cent 
to take care of irregularities, including such irregu- 
larities as undue wastage of power by prolonged 
sterilization or by having the current turned on much 
too high. 

Vents 


Local. atmospheric vents or vapor exhausts from 
sterilizers should be run to the atmosphere in the 
shortest possible and unrestricted manner to insure 
proper draft, complying with the local plumbing code. 
The local atmospheric vents, if connected to plumb- 
ing soil or waste lines, should be connected at a point 
at least eighteen inches below the main waste con- 
nection to eliminate any possibility of the waste 
water backing up into the utensil or instrument ster- 
ilizer through the vent opening. 

Fic. 2—Detait or Arr BRAKE, WASTE AND FUNNELS ON 
WatTeER STERILIZER (TO PREVENT CONTAMINATION OF 

STERILE OR DISTILLED WATER) 
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Some recommend the omission of a vent, because 
of the cost and because they are inaccessible for 
cleaning and inspection. In lieu of the local atmos- 
pheric vent, they recommend special devices to con- 
dense the excess steam and discharge the condensate 
to waste lines. These devices can be adapted to the 
boiling or non-pressure instrument, utensil sterilizers, 
and milk pasteurizers; they use a small continuous 
amount of cold water. Many manufacturers of ster- 
ilizers have adopted a special fitting for overflow and 
vent from the non-pressure sterilizers, which acts as 
a telltale device and immediately indicates when the 
water supply valve is leaking or improperly closed. 

A minimum water pressure of at least 25 pounds 
is required for the non-pressure or boiling type uten- 
sil or instrument sterilizers to insure proper with- 
drawal of the steam vapors where the ejector type 
vent valves or devices are used. A % in. cold water 
branch connection with a 4% in. globe valve connec- 
tion is usually ample for the ejector type condensing 
vents. Generally a % in. water supply line is of 
ample size to the sterilizers, except where flush 
valves are used, which require at least a l-in. water 


supply. 
Preventing Contamination 


The possibility of contaminating water systems if 
there are cross connections in the hospital’s plumb- 
ing system or in the apparatus connected to it 
has brought about various protective devices and 
methods. 

Sterilizers should be so piped that water can not 
siphon back into the water supply should a valve be 
leaking, or left open, and if the pressure be taken off 
the line there should be no possibility of water in 
the sterilizer siphoning back into the water supply. 

A breaker or waste funnel should be provided on 
the waste so that the contents of the sterilizer can 
not become contaminated should the waste become 
choked, causing a back pressure. Special bleeder- 
type water inlet valves have been designed. When a 
bleeder valve is open the bleeder is closed; when the 
valve is closed the bleeder is open, so that should the 
valve be leaking or improperly closed the raw water 
will drain to the bleeder and will not reach the ster- 
ilizer. 

The water piping should be carefully laid out, de- 
signed, and connected in a manner to resist and pre- 
vent siphonage from sterilizer chambers. The over- 
flow pipe should be connected to the drain from the 
bottom of the sterilizer tank. The overflow pipe on 
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ments unless it is first filtered, so that an analysis of the 
water to be used should be made. 

The trend and practice recommended today is to 
design and make all the connections to the sterilizing 
apparatus so that no contamination of the water 
supplies is possible under any and all extreme condi- 


tions. “| | 


ala 


Steam Demand 


In arriving at the sizes of the high pressure boiler 
for the hospital, it is necessary that we know the 
steam consumption per hour for all the sterilizers. 
About 40 per cent to 50 per cent of the total maximum 
should then be used as a safe working demand inas- 
much as it will be very seldom that all the sterilizers 
will be operated at the same time, and also on ac- 
count of the fact that the steam consumption drops 
off very rapidly as the sterilizers and their contents 
heat up to a temperature equal to or above the boil- 
ing point of water. For example, consider a battery 
of sterilizers: 


One 16 in. diam. by 36 in. dressing sterilizer.. 50 Ib. per hr. 


Two 25 gal. water sterilizers................. 250 Ib. each 
tank per hr. 
One 8 by 10 by 20 inst. sterilizer.............. 100 Ib. per hr. 


One 24 in. x 20 in. x 20 in. utensil sterilizer...150 Ib. per hr. 





edie nie Aikinie hk Meus Sel oad ati tgh We ok aie 800 Ib. per hr. 


40 per cent of total = 320 lb. per hour. 

Therefore, 320 lb. of steam per hour will be re- 
quired and this is equivalent to approximately 10 
boiler horsepower which is usually ample for the size 
of the battery of sterilizers referred to, provided the 
steam pipes are well insulated and are run as directly 
as possible from the boiler to the sterilizers. 


Sterilizer Tests 


A practical test to determine the efficiency and 
accuracy of dressing sterilizing apparatus for com- 
plete penetration and destruction of the most virulent 
spores, and safeguard against infection can be made 
by melting Diack Controls, which are placed in the 
center of a drum, or in the center of a package. These 
melt after a temperature of 254 F has been reached 
for five minutes, or after 244 F has been attained and 
maintained for twenty-five minutes or more. 

These controls consist of a fusible tablet in a 
sealed tube. The tablet will melt only under steriliz- 
ing conditions. When placed at the center of every 
large package or drum it will give visible proof as to 
whether heat has penetrated it or not. This 





non-pressure sterilizers should be of ample 
size to carry off all water that can be de- 
livered with the water fill wide open and at 
a pressure of at least 40 pounds without 
permitting the sterilizer to overflow on the 
floor. The breaker or overflow vent will 
prevent drain water from backing up into 
the tank under a back pressure. Either an 
atmosphere or condenser vent should be 
connected to the overflow pipe at the vent 
opening in the rear to carry off condensa- 
tion. In some localities the condition of 
the water leaves deposits on the instru- 






















is a check on the sterilizer gage. 

Another method of testing is through 
the use of a maximum lag registering ther- 
mometer, 100 to 300 F, which may be 
placed in the bundles and will record the 
highest temperature reached in the center 
of the bundle. These tests are recom- 
mended by many hospital authorities, as 
a matter of routine. Recording gages are 
recommended by some, as the gage records 
and indicates that the sterilizing tempera- 
ture was maintained for a definite time. 
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The Measurement of the Flow of Air 
Through Registers and Grilles 


PART II 


By L. E. Davies,: Chicago, Ill. 
NON-MEMBER 


This paper is the result of research conducted at Armour Institute of Technology of Chicago, in cooperation 
with the A.S.H.V.E. Research Laboratory and the Ventilating Contractors Employers Association of Chicago 


HE initial report covering the research work con- 

ducted in the Laboratories of the Armour Institute 

of Technology to determine the most satisfactory 
method of measuring the air passing through a register 
or grille, was presented at the 36th Annual Meeting of 
the AMERICAN SocIeTy OF HEATING AND VENTILATING 
ENGINEERS, Philadelphia, Pa., January, 1930.? It ap- 
peared from this investigation that the only feasible de- 
vice to be used for this purpose was the anemometer, 
and the-problem therefore resolved itself into a study of 
that instrument. 

For purposes of the investigation a centrifugal fan 
and a system of ducts were arranged in such a manner 
that the same air which passed through the grille also 
passed through a length of straight round duct in which 
Pitot tube traverses were made simultaneously with 
anemometer traverses at the face of the grille. Tests 
were conducted with the ducts and grilles both on the 
exhaust and discharge sides of the fan. 

The tests previously reported were made entirely with 
one type of anemometer and were confined generally to 
thin lattice work grilles with various percentages of free 
area, although a few observations were taken with ex- 
panded metal lath, and with thick iron having circular 
openings. 

The following conditions which were not considered 
in the original study were included in the investigation 
covered by the present report: 

1. To study some of the more ornate forms of grilles, par- 

ticularly the ornamental plaster type. 

2. To use the various types of anemometers on the market to 
determine whether or not the formulae previously derived 
could be applied equally well to all types. 

3. To make tests at higher velocities than those previously 
attained. 

4. To have traverses made by various individuals, particularly 
by those previously unfamiliar with the instrument, to 
determine the importance of the personal element. 


In the earlier work it was found that with supply 
grilles the following formula could be used: 
CV(A +a) 


cim = ——————— (1) 
2 


in which 


cfm = volume of air in cubic feet per minute. 





__? Associate Professor of Experimental Engineering, Armour Institute of 
rechnology. 

*See Journal of The Society (Heatinc, P1p1nc anp Arr ConpDITIONING), 
January, 1930. 
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V = average indicated velocity obtained by anemometer trav- 
erse taken in contact with grille (after applying ane- 
mometer correction). 

= gross area of grille—square feet 
a = net free area of grille—square feet 
C = coefficient determined by experiment 

The value of C was 0.952 at 150 ft per minute and 

approached 1.00 as the velocity increased. Thus, for 

most of the practical work a value of 1.00 is sufficiently 
accurate which makes the formula a very convenient one. 

On exhaust work the results were not quite as satis- 
factory as somewhat different values of C were obtained 
with the different grilles. However, by means of an 
average value of C which varied with the velocity it was 
possible to obtain quite accurate results. 

The following alternate formula, which was applicable 
only in the case of exhaust grilles, was also submitted : 

cim = AVA (2) 
in which 

V = average indicated velocity obtained by the anemometer 

traverse in contact with grille 


— 


A = gross area of grille—square feet 

K = coefficient determined by experiment 

The average value of K in formula (2) was 0.8, while 
for more accurate results a value ranging from 0.762 at 
150 ft per minute to 0.832 at 700 ft per minute was 
recommended, with the value apparently approaching a 
constant figure at the higher velocities. At the time these 
two formulae were submitted there appeared to be little 
choice between them as to accuracy, neither one of them 
giving results as consistently accurate as those obtained 
with supply grilles, but both of them a great deal bet- 
ter than previous methods of calculation. 

Figs. 1 to 4 show the types of grilles covered by this 
report. Fig. 1 shows a grille having the same face design 
and percentage of free area as one originally tested, but 
differing in that it was of cast iron several times thicker 
than the former one and having the usual tapered frets 
characteristic of castings. The gross area also differed 
somewhat from any grilles previously used. 

Fig. 2 shows a familiar type of thin iron grille having 
a conventional ornamental design. Figs. 3 and 4 show 
two plaster grilles of quite different design. Fig. 3 is 
characterized by the fact that the large center portion has 
an extremely small amount of free area, while the four 
corners have open spaces as large as the anemometer. 
Certain portions of the pattern also were raised above the 
general surface level, so that it was impossible to keep 
the anemometer in intimate contact with the face of the 
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grille at all times. ‘lhe thickness of this grille was ap- 
proximately the same as that of the cast-iron grille shown 
in Fig. 1. Fig. 4 shows a design which is distinguished 
by the largeness of the details. It is very thick, has 
rounded edges, and has both large free spaces and large 
solid portions. 


Fic. 1—Cast Iron 

Gritte HAVING 

Free Area or 60.5 
Per CENT 


Fic. 3— PLASTER 

Gritte HAVING 

FreEE AREA OF 43.0 
Per CENT 





Exhaust Grilles 


The results obtained with the different types of grilles 
on exhaust are shown by the curves of Figs. 5 and 6. 
These curves were plotted from a large number of tests 


TasBLe 1—SumMMaAry oF RESULTS witH ExHAUST GRILLES WHEN 
Ustnc ForMULA 


A 
cfm = CV (>) 
2 








conducted in the same manner as described in the orig- 
inal report.* In the case of the iron grilles, the in- 
dividual values of C and K varied above and below the 
curves shown by about the same amount obtained in the 
earlier tests, but in the case of the plaster grilles this 
variation was somewhat greater though not to a serious 


Fic. 2—Tut1n Iron 
GRILLE OF CONVEN- 
TIONAL ORNAMEN- 
TAL DesicN Hav- 
ING FREE AREA OF 
54.8 Per CENT 


Fic. 4— PLASTER 

GritteE HAVING 

Free AREA OF 34.2 
Per CENT 


degree. The results are summarized in Tables 1 and 2. 
Table 1 shows the results obtained when using formula 
(1). It will be noted that the results obtained with the 
two iron grilles were in close agreement with the earlier 


8See Journal of The Society (Heatinc, Pipinc anp Arr CoNnpDITIONING) 
January, 1930. 


TABLE 2—SUMMARY OF RESULTS WITH EXHAUST GRILLES WHEN 
Ustnc ForMULA 
























































cfm = KVA 
PERCENT PERCENT 
InpI- Error WHen| Percent InpI- Error WHEN 
CATED Cc PERCENT Usine C_ |Error WHEN CATED K PERCENT Usine K PERCENT 
Gritz Usep Ve- (From Error WHEN FROM Usine Griiz Usep Vi- (From /|Error WHEN FROM Error Usine 
LOcITY Curves) Usina Previousty | Formvuna LOCITY Curnvss) Usine Previovsty | Formuta 
fpm C=1.02 Recom- efm= Va fpm K=08 Recom- cefm= Va 
MENDED MENDED 
VALUES VaLvEs 
1. Cast Iron....... 150 0.997 +2.2 —0.3 —24.5 1. Cast Iron........} 150 0.801 —0.1 —5.0 —24.5 
400 1.012 +0.6 +3.5 —25.5 400 0.813 —1.5 —0.6 —25.5 
700 | 1.021 -0.1 +6.0 | -26.2 700 0.820 2.5 | 41.4 | -26.2 
2. Ornamental Iron.} 150 0.998 +2.1 —0.4 —26.6 2. Ornamental Iron.} 150 0.748 +7.0 | +1.9 —26.6 
400 1.060 —4.0 -1.0 | -31.4 400 0.799 +0.1 | 41.0 | -31.4 
700 1.097 —7.0 —1.0 —34.2 700 0.834 —4.0 —0.2 —34.2 
3. Ornamental 150 1.040 —2.0 —4.5 —40.5 3. Ornamental 150 0.724 +10.5 +5.0 —40.5 
Plaster........ 400 1.119 —8.8 —6.0 —44.4 Plaster....... 400 0.773 +3.2 | +4.1 —44.4 
700 1.181 —13.8 —8.2 —47.0 700 0.814 —0.5 | 2.1 —47.0 
4. Ornamental 150 | 1.075 -5.2 | -7.5 | -56.0 4, Ornamental 150 | 0.779 | +429 |. -2.0 | -56.0 
Plaster........ 400 1.152 | -11.5 | -9.0 | -58.5 Plaster... .... 400 | 0.824 -2.8 | -2.0 | -58.5 
| 1.211 | | -59.7 70 | 0.9 | 56] 1.0 | 50.7 
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results except that the curve for the cast-iron grille is 
much flatter than any of the others. The results obtained 
with the plaster grilles were less satisfactory although 
these results were a great deal more accurate than those 
obtained by means of the earlier methods of calculation, 
as can be seen by a comparison with the figures in the 


last column. 


The percentage of error when using formula (2) is 
considerably less as shown by Table 2. So far as the 
iron grilles are concerned there is little choice between 
the two formulae, but with the plaster grilles the results 
obtained with formula (2) are much more accurate. 

Considering all of the work completed up to the pres- 
ent time, formula (1), when used with the recom- 
mended values of C for the various velocities, gives 
maximum errors of +11 per cent while formula (2) 


with recommended. values of 
+ 5 per cent. When using con- 
stant values of 1.02 and 08 re- 
spectively, formula (1) will be 
subject to errors of from 
+13.5 per cent to —15.5 per 
cent, while formula (2) will 
give results varying from 
+11 per cent to —7 per cent. 
From these figures it is ap- 
parent that formula (2) is to 
be preferred for exhaust 
measurements. It is rather 
fortunate that this is the case 
as a knowledge of the per- 
centage of free area is not 
required. This latter value is 
extremely difficult to measure 
or estimate with any degree 


Fic. 6—VALvuES OF COEFFI- 

CIENT K FoR EXHAUST 

GRILLES AT Various INpDI- 
CATED VELOCITIES 


end, however, were less 
values of C for these gr 
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Fic. 5—Vatues or Coerri- 

CIENT C FoR EXHAUST 

GRILLEs AT Various INpI- 
CATED VELOCITIES 


of accuracy when the grilles 
are elaborate in design, so that 
any formula involving the 
free area would necessarily be 
subject to the errors made in 
the measurement of _ that 
value. 
Supply Grilles 

It is unnecessary to show 
curves or elaborate data cov- 
ering the work done on the 
two iron grilles when used for 
supply. The results coincided 
exactly with the results ob- 
tained in the earlier 
The results obtained with the 
ornamental plaster _ grilles 
when tested on the supply 
satisfactory inasmuch as the 
illes were considerably below 


tests. 


ENTAL PLASTER SupPLY GRILLES 












































































































































Anemometer TRAVERSES 
InvI- A+a 
G caTep | Prror Va VA vi—_—— 
— TusEs 2 
No. m. 
LOCITY cfm — — Cc 
= din PERCENT din PERCENT ofn PERCENT 
Error Error Error 
3 | 349.5 802 578 —28 | 1,344 +68 961 +20 |0.834 
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TABLE 4—COMPARISON OF ANEMOMETERS 


| Face Ratep VELocITIES Retative VALvEs 
Type Diameter, INcHES Feet per Minute | or C or K 
a | 4.37 | 500 to 6,000 1.00 
b | 6.00 | 75 to 500 1.04 
© 4.00 | 200 to 3,000 1.00 
d | 2.75 200 to 3,000 0.98 
e | 3.00 | 200 to 1,000 0.98 


1.0 in the recent tests, whereas in every other case they 
were very close to this value. It has not been possible 
to give a satisfactory explanation of this fact. The re- 
sults of a few of the observations made on these grilles 
are shown in Table 3. 

It will be noted that with the grille shown in Fig. 4, 
the first condition was encountered under which the re- 
sults obtained with formula (1) were less accurate than 
with the earlier method, namely that of multiplying the 
indicated velocity by the net free area. Many runs were 
made with variations in the method of taking the 
traverse and with the different types of anemometers, 
but with substantially the same results. The only con- 
solation in these unsatisfactory results lies in the fact 
already discussed, namely, that the difficulty in determin- 
ing the amount of free area with this type of grille would 
make the results more or less inaccurate even though the 
method were inherently correct. It appears both desir- 
able and necessary to devise some better method of han- 
dling this type of grille. The author is engaged at the 
the present time in the development of such a method 
and has recently obtained encouraging results. 

Some time has been devoted to the study of higher 
velocities ranging upward to 1600 ft per minute. As 
anticipated, the increases in the values of C were very 
slight. This fact was recently verified in connection 
with a unit heater test. The heater was of the draw- 


through type and discharged the air through a nozzle- 
like outlet 24x 6 in., in which were mounted numerous 
adjustable horizontal and vertical baffles. 


These baffles 
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Fic. 7—Types or In- 
STRUMENTS TESTED 


were flat and when adjusted 
properly gave an extremely 
uniform air flow, with a ve- 
locity of about 2200 ft per 
minute. The straight uniform 
flow, together with the high 
velocity, made it possible to 
take Pitot tube readings at the 
outlet. The volume of air per 
minute as calculated from 
these readings checked per- 
fectly with the value obtained 
from an anemometer traverse 
when using the factor 1.0 in 
the formula. Furthermore, a 
very good heat balance served 
to verify the accuracy of the 
measurements. 


Comparison of 
Anemometers 


All of the work discussed so far has been executed 
with the 4-in. American made instrument of Type c in 
Fig. 7. During the course of the work three of these 
instruments were used. Through the courtesy of the 
manufacturers, one of each type handled by them was 
obtained. Table 4 identifies the various instruments 
used. 

Direct comparisons were made between the various in- 
struments, that is, the traverses with the instruments 
being compared were made in rapid succession without 
any change in the conditions. The results obtained were 
rather interesting in that it appears that the coefficients 
are, to a small degree, a function of the face diameter. 
Under identical conditions the two smallest instruments 
invariably agreed very closely in their indicated velocities, 
with the smallest one tending to show the largest read- 
ing. The difference, however, was very slight in spite 
of the radical difference in their design. Similarly type 
c and type a, the high velocity instruments, checked each 
other perfectly, but with all readings averaging approxi- 
mately 2 per cent lower than the smaller instruments. 
The greatest discrepancy occurred between the 4 in. and 
the 6 in. low velocity types. The latter indicated veloc- 
ities averaging about 4 per cent lower than the former. 
The last column of Table 4 shows the effect of these 
variations on the value of the coefficient. Since the 
normal value of C is less than 1.00 at velocities within 
the range of the 6-in. anemometer, it is suggested that a 
coefficient of 1.00 always be used with this type of in- 
strument, in which case the errors will be compensating 
ones, and the resulting net error reduced to a small value. 

As a test of the importance of the personal element, 
during the past few months 17 groups of students, four 
men in each group, repeated some of the work, using 
various grilles, anemometers, and both exhaust and sup- 
ply ducts. Each group secured two sets of data. In 
each case, careful instructions were given as to exactly 
what was to be done, and the Pitot tubes and draft gages 
were properly adjusted and the students then left to thei 
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own resources. In spite of the fact that most of these 
men had never handled an anemometer before, there 
were only three results out of the total of 34 that were 
farther from the average curves than the author’s tests 
had been. This indicates that when a definite method of 
procedure is outlined and followed the personal element 
is largely eliminated. Unfortunately, many times the 
worker is impatient and desires to secure results with a 
minimum expenditure of time and effort. In such cases 
he will take a very hurried moving traverse with the 
result that his figures are unreliable. As previously 
stated, a moving traverse may be made accurately pro- 
viding enough time is allowed and a uniform speed is 
maintained. 

It is when unusual conditions are encountered and the 
testing engineer must depend upon his own judgment 
that the personal element becomes of greatest importance. 
It is safe to say that no set rules or formulae can be de- 
vised that can be used with absolute accuracy under all 
conditions. The good judgment of an intelligent man is 
an essential part of every test whether it be in air 
measurements or in any other branch of engineering. 





Measuring the Temperature of Flames 


The temperature of solids may be estimated by the 
eye or accurately measured by means of a thermometer, 
thermocouple, or optical pyrometer. Flames, partic- 
ularly non-luminous flames, present a more difficult prob- 
lem. A flame may be hot enough to melt platinum and 
yet look fairly cool to the eye ; conversely, there are cer- 
tain luminous cool flames which will not burn the hand. 
This is because the radiation from flames does not fol- 
low the laws which apply to solids; for example, much of 
the radiation from the ordinary Bunsen type of flame 
is in the invisible infra-red region of the spectrum. 

In a method for measuring flame temperature being 
employed at the Pittsburgh Experiment Station of the 
United States Bureau of Mines, Department of Com- 
merce, the flame is colored yellow with sodium vapor and 
the intensity of this light compared in a spectroscope 
with the light from a heated solid at known temperature. 
The work is being carried out as one phase of a study of 
the physics and chemistry of gaseous combustion and 
explosion. Values have been obtained for stationary 
flames of different mixtures of air with methane, ethane, 
propane, butane, isobutane, ethylene, propylene, and 
butylene. Maximum flame temperatures vary from 
1880 C for methane to 1975 C for ethylene. The mix- 
ture of gas and air which gives maximum temperature 
does not correspond to that which gives maximum flame 
speed except for methane and Pittsburgh natural gas. 
For all other hydrocarbons tested, the mixtures which 
produced the highest flame temperature contain less com- 
bustible gas than those which give the highest speed of 
flame. The percentage of combustible gas in air which 
gives maximum flame temperature is slightly on the rich 
side of that required for exact combustion to carbon 
dioxide and water. Maximum calculated temperatures 
are 40 to 70 deg. (C) higher for the saturated hydro- 
carbons and about 100 deg. higher for the unsaturated 
hydrocarbons than the experimental values. Radiation 
losses account for the lower measured temperatures. 
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Constant Temperature Drying Room 


In handling a large volume of coal analysis it is es 
sential that the coal be air-dried at a temperature of 30 
to 35 C before being pulverized to eliminate the loss of 
moisture in sampling. Recently a constant temperature 
room 6 by 6 by 7 ft. was constructed at the Pittsburgh 
Experiment Station of the United States Bureau of 
Mines in which the temperature has been maintained at 
32 to 34 C through the summer months when the outside 
temperature was 35.0 to 42.8 C. 





Pneumatic Cleaning Plants for Coal 


An action unique in the history of the safety move- 
ment has just been taken by the American Standards 
Association with the approval of a national accident pre- 
vention code for a process in which not a single serious 
accident has yet occurred. The new code is aimed at 
the prevention of dust explosions in pneumatic cleaning 
plants for coal, according to an announcement made re- 
cently by the Association. Practically all coal was for- 
merly washed with water. It was found, however, that 
cleaning could be done more efficiently with air. 

Each of the fifty other national safety code projects 
completed or in process of development under the 
auspices of the American Standards Association has fol- 
lowed a long series of fatalities or injuries or a spec- 
tacular disaster which led the industry concerned to re 
quest the establishment of a safety code. In the case of 
coal pneumatic cleaning plants, the use of which started 
only a comparatively few years ago, however, there has 
not been a single serious dust explosion. It was the 
belief of the industry and of safety experts that the po- 
tential hazard was great enough to warrant the develop- 
ment of a national code which would provide every pos- 
sible safeguard against disastrous dust explosions. Dust 
explosions have frequently occurred in coal mines and 
grain elevators, and in factories where pulverizing proc- 
esses may, without proper safeguards, fill the air with a 
fine explosive dust. 

The work on the preparation of the code was carried 
on by a technical committee under the direction of the 
U. S. Department of Agriculture and the National Fire 
Protection Association. The technical committee has com- 
pleted safety codes for the prevention of dust explosions 
in grain elevators, flour and feed mills, starch factories, 
pulverizing systems for sugar and cocoa, and in pul- 
verized fuel systems. The code contains comprehensive 
provisions for the construction and ventilation of build- 
ings in which pneumatic screening and cleaning equip- 
ment and driers are located and for the safeguarding of 
equipment, and methods of dust collection. 





Government Printing Office Affiliates 
with ASA 


The affiliation of the United States Government Print- 
ing Office, Washington, D. C., the largest printing plant 
in the world, with the American Standards Association, 
was announced recently. The Government Printing Office 
is the eighth division of the federal government to be- 
come a member of the Association participating in the 
direction of national standardization work. 











The Use of Gas for House Heating 


By H. B. Johns,' Chicago, Ill. 
MEMBER 


engineer with the application of gas as a fuel for 

heating homes. In order more fully to understand 
the use of gas as a fuel, a brief discussion is given of 
the manufacture and distribution of gas before going 
into the matter of its utilization. 


+ HE purpose of this paper is to acquaint the heating 


Types and Sources of Gas 


There are two general types of gas available in this 
country, namely, natural and manufactured. 


Natural gas is obtained from wells and usually is found 
stored in the same pocket with oil. The calorific value 
of natural gas is comparatively high, ranging from 
1,000 to 1,100 Btu per cubic foot. The gas often con- 
tains a number of different hydrocarbons, but methane 
almost always is present in the greatest proportion— 
usually about 90 per cent. As compared to the manu- 
factured variety, natural gas has a somewhat slower rate 
of flame propagation, that is, it does not burn as rapidly 
as manufactured gas. Natural gas usually sells for 50 
or 60 cents per 1,000 cu ft for such purposes as house 
heating. 

Manufactured gas is obtained either from the destruc- 
tive distillation of coal or by the action of superheated 
steam on hot coke. In the former case, the product is 
known as coke-oven gas and the latter as blue gas or 
water gas. Water gas usually is enriched with gaseous 
hydrocarbons obtained by an oil cracking process. Manu- 
factured gas usually has a heat content of 500 or 600 
Btu per cubic foot and sells at from 70 cents to over 
$1.00 per 1,000 cu ft for house heating. It is to be 
noted from these figures that the price of natural gas 
per 1,000 Btu of heat value is about one-third or one- 
fourth that for manufactured gas. 


Distribution of Gas 


In order to absorb the peaks and valleys of the daily 
send-out (see Fig. 1), gas is stored in holders. In this 
way the generating plant or pipe line pumping stations 
will have a fairly steady load through the 24 hours of 
the day. 

Two types of low pressure holders are in common 
use: the older water sealed lift type (Fig. 2) and the 
newer waterless floating piston type (Fig. 3). In both 
types the gas is stored under a gage pressure of about 
5 oz per square inch (8 or 10 in. of water). For high 
pressure storage, steel tanks in the shape of spheres or 
sausages are used. Storage pressures as high as 150 lb 
per square inch are frequently used in this type of 
holder. 

Gas is delivered to the consumer at a pressure of 3 or 
4 oz per square inch (5 to 7 in. of water). This pressure 
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is kept quite constant by a network of high- and low- 
pressure mains which are controlled by pressure regu- 
lators. 


Equipment for Heating Homes with Gas 


Two methods of applying gas burning equipment to 
heating systems in homes are in common use. One is to 
install a boiler or furnace designed especially for gas, 


THOUSAND CUBIC FEET 
THOUSAND CUBIC FEET 


4,000 









7e@empn@e@ties45676 
HOURS OF DAY 


eomeunertnesds¢#s8se6*? 


Fic. 1—Typicat Datty Loap Curve SHOWING VARIATION IN 
Amount oF GAS DISTRIBUTED PER Hour 


and the other is to install a conversion burner in an 
appliance which is designed to burn some other fuel. 


In connection with the use of equipment designed to 
burn gas exclusively, the American Gas Association, 
through its testing laboratory, has set up certain stand- 
ards of performance and construction. Approval by this 
laboratory indicates that the gas-fired boiler or furnace 
has met certain standards of safety and operating effi- 
ciency and that it burns gas at a certain rate without 
showing the presence of carbon monoxide in the flue 
products. The minimum acceptable thermal efficiency 
for water and steam boilers is 75 per cent and for warm 
air furnaces is 70 per cent, based on the gross or entire 
heat value of the gas. Fig. 4 shows a gas-fired boiler 
for a hot water system, and Fig. 5 shows a cutaway view 
of an automatic warm air unit showing construction and 
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arrangement of filters, fan, fan drive, cast-iron sections, 
baffles and humidifier. 

Several manufacturers of gas-fired boilers and fur- 
naces have designed their equipment so that burner cocks 
and other control equipment are completely hidden from 
view, and the exterior of these appliances presents a 
stream-line appearance. This feature enables the archi- 
tect and heating engineer to give his client a heating 
system which will require a minimum of space in the 
basement, and at the same time does not detract from 
the appearance of any special rooms 
which might be built into the basement. 

Since gas burns with a non-luminous 
flame which produces relatively little 
radiant heat, it is necessary to con- 
struct boilers and furnaces with ample 
secondary heating surfaces in order 
to scrub or wipe the heat out of the 
combustion products. In converting 
boilers designed to burn solid fuel, 
it frequently is found that the 
heating surface is inadequate to obtain 
a satisfactory operating efficiency and 
it is then necessary to introduce refrac- 
tory materials and baffles so that as 
much radiant heat as possible will be 
developed and to be sure that all heat- 
ing surfaces are utilized to the fullest 
extent. This problem is encountered 
especially when converting the smaller 
round boilers. Fig. 6 shows a conver- 
sion gas burner installed in a warm air 
furnace. 
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On account of the flexibility of gas as a fuel and the 
ease with which it can be controlled, both conversion 
burners and gas-designed equipment are usually com- 
pletely equipped with automatic control equipment. For 
operation with steam and vapor heating systems, steam 
pressure limit controls and low water protection devices 
are used. For hot water, a water temperature limit con- 


‘trol is used. Practically all gas-fired installations use a 


room temperature control and automatic safety pilots are 
available for use with any type of system, whether steam, 
hot water or warm air. Practically all of the gas-fired, 
warm-air furnaces have automatic humidifying appa- 
ratus as part of the standard equipment. Recently sev- 
eral manufacturers have produced warm-air furnaces 
which include blowers and filters in addition to the hu- 
midifying equipment. 


Selecting the Equipment 


In determining whether gas designed or conversion 
equipment is to be used on a given installation, it must 
be borne in mind that for most of the moderately-sized 
installations the use of fuel will be about 10 per cent 
greater if conversion equipment is used. Hence, it usu- 
ally is best to use gas-designed equipment when making 
an installation in a new building. In an old building, 
however, one must determine whether the greater inter- 
est and investment charges encountered in a gas-designed 
installation are more than offset by the greater operat- 
ing cost resulting from the use of a conversion burner. 

In selecting the proper sized boiler or burner for hot 
water or steam installations, it is desirable, of course, to 
have sufficient capacity in excess of the radiation or heat 
loss requirements to heat the building quickly in the event 
the room temperature is permitted to get too low. 

Table 1 gives the selection factors recommended by the 
American Gas Association. This table indicates the 
amount to be added to the equivalent direct steam radi- 
ation and a boiler or heater of the nearest higher Amer- 
ican Gas Association rating would be selected as having 
the proper capacity. 

Since warm air heating systems respond very quickly 
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100 


0.56 

500 | 0.56 
1000 | 0.52: 
1500 | 0.486 
2000 0.45 
2500 | 0.437 
3000 0.424 
3500 | 0.412 
4000 (and over) 0.40 


and the piping load is not great, many gas companies use 
selection factors of 25 or 30 per cent for warm air 
furnaces. 
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Estimating the Cost of Heating with Gas 


A very important item, particularly where manufac- 
tured gas is the fuel, is the cost of operation. This may 
be determined by calculating the amount of heat loss 
from the home per degree-hour, then multiplying by the 
degree-hours in a normal heating season (degree-days* 
x 24). The amount of gas required to offset this sea- 
sonal heat loss is obtained by assuming 75 per cent oper- 
ating efficiency for gas designed equipment and 67.5 per 
cent seasonal operating efficiency for conversion equip- 
ment. The calorific value of the gas may be obtained 
from the local gas company in each case. 

The A. S. H. V. E. Gutpe 1931 expresses the forego- 
ing relationship for a 75 per cent operating efficiency as 
follows: 

HOxRxD 





Gc=-— 
H 
where— 

; = Cubic feet of gas per season 

R= Square feet of equivalent direct 
steam radiation (calculated) 

D = Degree days per season 

H =Gross calorific value of 
(Btu per cubic foot) 


the gas 


The cubic feet of gas must, ot 
course, be multiplied by the average 
price of the gas to obtain the fuel cost 
per season. 

In considering the cost of heating 
with gas it is well to bear in mind that 
there will be considerable variation in 
the monthly gas bills throughout the 

*Degree Days—A degree day may be said to ! 
a day in which the average outside temperature 
one degree less than the average inside temperatur« 
The degree days for a heating season are obtained 
by subtracting the average outdoor temperature f 
the season from the average inside temperature anc 
then multiplying this temperature difference by th 
number of days in the heating season. The degre: 
days (based on an average inside temperature ©! 


65 F) for a number of cities in the United States 
and Canada are given in Tue Guipe 1931. 








April, 1931 


year. The variation will be in proportion to the number 
of degree-days in the different months. Table 2 indi- 
cates the proportion of the total season’s gas bill which 
will occur in each month of a normal heating season for 
Chicago. The amounts of the bills in the case of a 
$300.00 per year example also are shown. These varia- 
tions in monthly fuel consumption are practically the 
same no matter what fuel is used, but they are perhaps 





Fic. 6—Conversion Gas Burner INSTALLED IN WARM AIR 

. FURNACE 
more noticeable with gas because of the regularity of 
the meter reading and billing. 

Needless to say, anything which reduces the amount 
of heat loss from a building such as insulating walls and 
roof, applying storm windows, keeping the room tem- 
perature as low as comfort will permit, etc., will produce 
a proportionate decrease in the gas consumption and is 
recommended for use. 


Installation of Equipment 
Gas-fired boilers for steam and hot water heating sys- 


TABLE 2—RELATIVE GAs CONSUMPTION AND Cost* in CHICAGO 
FoR VARIOUS MontTHS oF HEATING SEASON 











RELATIVE 
Gas ConsuMPTION Revative Cosr 

Per Cent 
October. ... 5.2 $15.60 
November... 12.0 36.00 
December . . 18.1 54.30 
January .... 20.6 61.80 
February . . . 17.5 52.50 
March ..... 14.8 44.40 
a 8.7 26.10 
RE ae 3.1 9.30 

| 

ee: 100.0 $300.00 





* Based on $300.00 per year example. 
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tems may be cross connected with boilers fired with other 
fuels, if so desired. In many instances cross connec- 
tion is to be preferred for it gives the user a means of 
disposing of boxes, papers and other basement rubbish. 

When cross connecting steam boilers, it usually is 
advisable to completely valve off both boilers, but with 
hot water systems the placing of gate valves in the return 
pipes leading to the coal boiler is sufficient in most cases 
to stop any circulation of heated water through the coal 
boiler. 

In making gas-fired installations, it is important that 
any faults in the old heating systems be remedied. This 
is desirable for two reasons; first, users are wont to 
blame the new equipment or the fuel for faulty opera- 
tion of the heating system; and second, some faults are 
often accentuated by the use of gas as a fuel and, there- 
fore, become much more noticeable. Poor venting of the 
air from steam heating systems, for example, is more 
noticeable with gas because of the fact that the gas, when 
burning, usually is burning at its maximum rate and 
builds up steam pressure quickly. If the air vents are 
not functioning properly, the burner will be shut off by 
the pressure limit control due to air pressure rather than 
steam pressure. 

Not infrequently, such changes may be made in a heat- 
ing system that gas will be given credit for being an 
even better fuel than it deserves. For example, it is not 
unusual to find a warm air heating system with alto- 
gether inadequate cold air return piping—perhaps just 
one small sized cold air pipe having an opening to the 
out-of-doors. If, then, in making the gas-fired installa- 
tion this cold air pipe to the outside is cut off and an 
adequate amount of recirculating cold air return piping 
is installed, the resulting improvement will make the 
user a strong booster for gas heating. 


Chimney Construction Is Important 


Another matter of some importance is that of having 
an adequate and properly constructed chimney. Due to 
the relatively large amount of hydrogen in gas, the com- 
bustion products will contain a fairly high concentration 
of water vapor—15 to 20 per cent by volume for air-free 
combustion products. The presence of this water vapor 
gives the flue products a dew-point temperature of about 
130 F or lower, depending upon the amount of excess 
air. The presence of this rather large amount of water 
vapor in the flue products often causes some condensa- 
tion to take place when chimneys or boiler breechings are 
cold. 

In some instances this condensation is quite excessive 
and at the same time slightly acidic in character. If this 
acid condensate is formed in an unlined brick chimney 
in which lime mortar has been used, it is quite probable 
that the lime will be leached out of the mortar and, of 
course, the latter will disintegrate. This type of construc 
tion is seldom encountered except in old buildings, as 
most municipal building codes now require tile lining and 
cement mortar for brick chimney construction. 

In cases where a chimney has started to disintegrate, 
however, or where it is evident that the use of gas as a 
fuel is liable to cause disintegration, it usually is best to 
line the chimney with some corrosion-resisting material. 
The so-called 18-8 chromium nickel iron alloys are excel- 
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lent materials for this purpose and are commercially 
available in the larger cities. If a chimney has no off- 
sets, the 24-gage alloy sheets can be formed into pipe and 
lowered into place from the top of the chimney with a 
minimum of labor expense. In making this lining the 
male end of the pipe length should be downward so that 
any condensate which forms will be kept inside the lin- 
ing. A drain or sump should be provided at the base 
of the chimney in order to dispose of the condensate 
with a minimum of inconvenience. 


Caring for the Installation 


Almost all of the gas companies in this country are 
now more or less active in the promotion of the use of 
gas for house heating. Obviously the retaining of the 
present house heating load is fully as important as the 
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acquiring of additional business. For this reason most of 
the gas companies service their house heating installations 
periodically to keep them in first class condition. These 
service calls are made annually or semi-annually as a 
matter of routine and at such other times as customers 
may request. Only a very nominal charge, if any, is 
made for this work. 

In addition to the mechanical service given, most gas 
companies find it necessary to keep records of the degree- 
days and proportions of the seasonal fuel requirements 
which weather conditions cause each day. In this way it 
is a relatively simple matter to determine whether a cus- 
tomer’s gas consumption for a given period is in accord- 
ance with the seasonal estimate as given by the gas com- 
pany. This is done by comparing the degree days for 
the period in question to the degree days in a total normal 
season and noting whether the gas consumption is in 
similar proportion to the seasonal estimate. 


Other Types of Equipment 


In addition to the appliances already mentioned there 
are other types of equipment which are quite suitable for 
auxiliary or complete heating systems. 

Gas-steam radiators (Fig. 7) and warm air circulat- 
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ing heaters (Fig. 8) are particularly well adapted for 
buildings and stores where stoves have been used or 
where there are no basements. 


Unit Heaters 


The recently-developed gas-fired industrial unit heater 
is rapidly coming to the front as an _ important 
appliance -in the heating field. This type of heater may 
be suspended in the space which is to be heated and air 
is blown over the heating surfaces and into the space 
to be heated without ducts or steam or water piping. Just 
as with the other types of space heaters, provision should 
be made for carrying the combustion products from 
unit heaters to the outside unless there is no objection 
to having moist air indoors. 


These heaters already have found wide application for 
use in stores, shops, factories, and in some localities in 
garages. Maximum economy of operation is obtained 
because the air is heated directly and the heat losing 
walls and ceiling are heated more or less indirectly. A 
tremendous advantage, of course, is that no floor or wall 
space needs to be sacrificed for the heating system where 
these unit heaters are installed and an adequately sized 
unit heater installation will heat up a cold store or shop 
very quickly. 

The present state of the use of gas for house heating 
is the result of very few years of development and, no 
doubt, the future will see even greater developments 
due to the increased activity in this field. However, even 
the present perfection of the art indicates that gas can 
be advantageously applied to almost any problem of the 
heating industry due to its collateral advantages. In the 
localities served by natural gas, marked economies can be 
shown even when comparing bare fuel costs. 











Relation of Standardization to Air Con- 


ditioning in the Printing Industry 


By W. H. Carrier, Newark, N. J. 
MEMBER 


to the general movement to elevate the printing in- 

dustry from the status of a handicraft to that of a 
standardized manufacturing industry, the technique and 
processes of which are capable of so-called scientific 
management. 

The specific technical advantages in printing plant 
operation which are to be gained from the installation of 
air-conditioning equipment are well known. Paper 
stretches and shrinks under varying conditions or relative 
humidity; rolls, plate mounting, inks and other mate- 
rials used in the industry are affected by varying changes 
in temperature and humidity ; and the installation of ap- 
paratus for controlling these variations will, or at any 
rate should, overcome a number of these difficulties. 


Practically every advancement in the technique of the 
graphic arts, as well as other industries, has been in the 
direction of standardization of processes and material, 
or to the reduction of manufacturing materials and 
methods to a simplicity capable of accurate measurement 
and control. An effort has been made to eliminate the 
rule of thumb craftsmen who by virtue of years of 
experience and cut-and-try methods, can arrive at toler- 
able results with uncertain and unforeseen materials 
and methods, and to replace him with standardized 
methods and materials which give, in effect, their own 
control. 

As technical control of process and material has grown 
more accurate, it has been observed that the effects of 
atmospheric conditions upon them have become more ap- 
parent. For example, as accuracy of machine manufac- 
turing and the use of precision plates and machinery 
have become more common, the effect of varying mois- 
ture upon press packing has made itself more evident. 
As registering apparatus and step and repeat-printing- 
down machinery have become more widely used and more 
accurate, giving highly accurate registered forms, the 
stretch and shrinkage of stock working against this 
investment in expensive registering apparatus have been 
felt more acutely. 

This is also true not only in the mechanical engineer- 
ing aspects of the industry, but also in its industrial en- 
gineering aspects. The attempt to apply scientific man- 
agement to the printing industry, the attempt to find the 
one best way and numerous attempts to raise production 
and decrease costs in the industry by scientific bonuses 
and wage incentive plans, have, to a very large extent, 


G 1 the general mover as used in this paper refers 


* Abstracted from paper presented before the Second Conference of the 
Technical Experts in the Printing Industry, March 16-17, 1931, held in 
Che Government Printing Cffice, Washington, D. C., and sponsored by 
the Printing Industries Division of the American Society of Mechanical 
Engineers. 
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been snagged upon the rock of the wide and apparently 
hitherto unaccountable variations in production which 
have been encountered by those engineers working in this 
field. In short, until very recently there seems to have 
been what the early scientist called “a conspiracy of 
Nature” to prevent printing production being reduced to 
measurable standards. In fact, it is probable that a large 
majority of so-called practical men in the industry would 
still assert that the industry is inherently incapable of 
standardization. 


Variable Factors 


The author does not believe this to be the case. It is 
recognized that printing, a made-to-order business, has 
many congenital obstacles in this direction. Nevertheless, 
it appears that the immeasurable—or at any rate hitherto 
immeasurable—variables are being solved out of the 
problem and there seems to be no reason why they should 
not all eventually be reduced to workable limits. Of 
these variable factors which make the application of 
standards to the industry so difficult, it now appears that 
one of the first is weather. This leads more or less to 
the situation in which the average progressive printer 
finds himself today; that is to say, he recognizes that 
varying atmospheric conditions have a distinct influence 
upon his production, and that the installation of air- 
conditioning equipment has given favorable results in 
those plants which have installed it. He is, however, con- 
fronted as far as concerns him personally, with a double 
problem; first, how to determine the economic value of 
air conditioning to his own plant; and second, presuming 
that his findings show the desirability of installing such 
a system, what sort of system should he install. 


In studying this problem with printers, just as the air- 
conditioning engineer is required to do in nearly every 
industry he encounters, the logical and scientific way to 
go about the question of the value of an air-conditioning 
system would be to analyze the time tickets, roller bills, 
ink bills, and other records of machine operation and 
material used during the course of a year, and make an 
estimate of the loss in production and spoilage of mate- 
rial resulting from uncontrolled atmospheric conditions. 
The difficulty with this method is that it seems to be im- 
possible. To the author’s knowledge, there is not an 
existing printing plant having time tickets which are 
sufficiently accurate to show the losses in production and 
stoppages of machinery or spoilages of work due to any 
particular cause, whether it be weather or anything else. 
There are, of course, specific items which could be taken 
from tickets, such as total time for re-registering forms 
or for re-making plates, but these are only a small part 
of the whole influence of weather. To the author’s 
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knowledge, no time’ticket has ever- been designed or used 
which shows the three minutes a pressman will stop a 
press to reset a slightly swollen roller; the 20 or 30 im- 
pressions per hour that a feeder may lose due to slightly 
wavy stock or a slight amount of static; or the 5 or 10 
minutes of make-ready time which may be required for 
resetting the guides where the sheets are stretched 
slightly but not enough to make necessary re-registering 
the form. These are the items, individually rather in- 
significant, which involve a distressingly large financial 
loss during the course of a year. 

As already stated, it is practically impossible to segre- 
gate the individual items of loss caused by atmospheric 
variations. Nevertheless, it is possible to secure a fair 
approximation of their total from the showing made by 
their elimination in conditioned plants. 

The following items of operation in the press room 
are affected by the weather : 

1. Make-Ready. 

a. This operation involves registering the form and in this 
connection it has been found that modern furniture and blocks 
are sufficiently influenced by humidity seriously to affect the 
operation time. It has been found, for example, that mounted 
plates with an average distortion from type high three times 
as great when stored in unconditioned areas as in conditioned. 
This results in increased underlaying and interlaying time. 
Registering the form also involves re-registering in cases 
when the stock has changed size between runs. 

b. After registering the form, make-ready time includes 
setting the guides. This operation must be repeated if the 
stock has changed between runs. 

c. Make-ready time also involves packing the cylinder, and 
if the humidity changes greatly during the course of the run, 
the packing may become soft and baggy and require changing. 

d. The making of spot sheets is also to some extent affected 
by humidity as the distortion of the form and swollen packing 
may necessitate more patching. 

e. Placing and setting of rollers also is included in make- 
ready time and if they are shrunk or swollen, soft or hard, 
due to weather changes, not only minutes, but hours of extra 
time will be consumed in the endeavor to secure the perfect 
rolling contact so necessary to a good job. 

f. The setting of the fountain is also affected by atmospheric 
conditions insofar as the condition of the stock and rollers 
affects the quantity of color to be run. 

g. Finally, the condition of the stock and small amounts of 
static may increase the amount of time required for setting 
the feeder. 

Make-ready time is a chargeable but an unproductive operation. 
Each minute so expended is a minute taken from the production 
of the impressions for which the customer is paying. A minute 
less make-ready is a minute more of potential production. Thus 
it is proper to include savings in make-ready time with running 
time. 

2. The effects of weather conditions upon press running may be 
tabulated as follows: 

a. Curved or wavy edged stock due to uneven expansion in 
the pile may cut production by 50 or so impressions per hour 
on slightly bad stock, to 100 per cent on stock too bad to feed 
at all. 

b. Very light stock may have tobe fed by hand. 

c. Static electricity, generated by friction in dry air, will 
slow production by from 5 per cent to 100 per cent. 

d. Slip sheeting, necessitating slowing down of the press, 
extra crew, and extra bindery time for pulling slip sheets is 
largely caused by the static freezing the sheets together and 
by using excessive quantities of ink due to unsatisfactory 
conditions of stock, temperature conditions affecting the flow 
of the ink, and poor distribution due to swollen rollers. 
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e. The time for resetting swollen, shrunk or melted rollers 
is a considerable factor in reducing press production. 

f. The drying of ink, which sometimes takes place too fast 
(crystallizing) and sometimes too slowly, is profoundly af- 
fected by atmospheric conditions, both directly as temperature 
and humidity conditions affect the ink itself, and indirectly 
as the conditions of stock and rollers affect the quantity of 
ink run and possible empirical changes in it made by the 
pressman. Until weather conditions are standardized there 
will remain possible only the most uncertain prediction as to 
how long it will take a given job to dry. 

As stated before, it has been found impossible to segre- 
gate the cost of these individual delays. But in their 
total, it is possible to predict with some accuracy, by the 
examination of other plants, that their elimination will 
result in an increase of 8 per cent in press production, 
or to state it conversely, that the cost per 1,000 impres- 
sions (the unit cost) over the course of a year, should 
decrease 8 per cent. Similarly, it has been found from 
experience that a saving of 10 per cent may be secured 
in folding machine operation, and a substantial saving 
made in roller and ink bills. Indications also point to 
a decreased loss of time due to sickness on the part of 
the personnel. 

However, in the lack of standards in the printing in- 
dustry at present, each plant manager believes that there 
are special features about his own business which make 
it different from others and not to be judged by their ex- 
perience. In such cases, therefore, it can only be sug- 
gested that each plant must set up its own standards, or 
at any rate, some datum from which production can be 
measured. Such a procedure if carefully done, will, it is 
believed, give a very close approximation of the probable 
economic worth of air-conditioning equipment, and at the 
same time, give the plant manager the opportunity of 
putting his finger on a number of other sore spots which 
may appear. 


Characteristics Controlled by Air-Conditioning 
System 

The control of atmospheric conditions involves con- 
trolling five separate characteristics of air: 

1. Temperature 
Humidity 
Air Movement 
Cleanliness 
Ventilation 

A complete air-conditioning system must control all 
these characteristics and insofar as it omits the control 
of any of them, to that extent it is an incomplete system. 
Each of these features has its individual importance to 
the printing industry. 


Control of Temperature 


The control of temperature, while perhaps not so ob- 
viously necessary as the control of humidity, is neverthe- 
less of considerable importance to the printing industry. 
This is particularly true on the low side. If tempera- 
tures in a press room are allowed to drop below 75 F 
(the author believes 78 F) the “tack” of the ink is in- 
creased, the flow slowed, rollers become stiff and poor 
distribution results. This is especially noticeable over 
holidays and week-ends. If the temperature has been 
allowed to drop, it frequently takes several hours on 
Monday mornings before the large amount of metal in 
the machines can be heated up sufficiently to permit run- 
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ning. The mechanical circulation of warmed air ap- 
preciably reduces this warming-up period. An important 
aspect of air distribution and temperature control is the 
even distribution of heat so that one portion of the plant 
may be adequately heated without overheating other por- 
tions. The same applies in establishing uniform condi- 
tions of humidity in a given area. 

The limitation of high temperatures in the general 
commercial plant is of less importance in its mechanical 
effect upon printing operations than the accurate control 
of humidity. However, care must be taken that the de- 
sign of the system does not necessitate inhumanly high 
temperatures (above 90 F) in order to secure constant 
humidity where refrigeration is not used, and special 
consideration must be given to such portions of the plant 
as monotype caster rooms, stereotype and electrotype 
foundries, and photographic galleries where excessive 
amounts of heat are generated, to carry this heat away 
and to produce relatively comfortable working conditions. 

In certain special departments, the control of maxi- 
mum temperature is of importance. In the sensitizing 
and etching departments of rotogravure plants, tempera- 
tures should not be allowed to exceed 75 F, both from 
the sensitive nature of the gelatine films used and be- 
cause the temperature of the etching bath, which follows 
the wet-bulb room temperature, is of the highest impor- 
tance. The control of maximum temperatures is also in- 
dicated in photo-litho plate making departments. 


Control of Humidity 


The control of relative humidity, that is, its main- 
tenance at a constant point, is of the greatest importance 
as already stated. This involves the addition of moisture 
to the air when it is deficient, and the reduction of the 
relative humidity when it becomes too high. This latter 
process may be accomplished; first, by true dehumidifica- 
tion, that is, the removal of the moisture from the air by 
chilling it below its dew point; or second, by heating it 
to the temperature at which its relative humidity is re- 
duced to the required point. The first of these methods, 
while rather more expensive, gives control both of hu- 
midity and temperature, and permits lower humidities to 
be carried in summer. It would be indicated in such 
places as photo-litho plants where relative humidities of 
50 per cent and control of maximum temperatures are 
desirable. 

For the commercial letter-press plant, the maintenance 
of a fixed humidity by automatically shifting the dry- 
bulb temperature is economical and entirely practical. 
While it is true that this method of control at times of 
high outside wet-bulb temperature leads to somewhat un- 
comfortable working conditions, its first cost is so appre- 
ciably below that of a complete dehumidifying system as 
to warrant careful consideration. And inasmuch as a 
fixed relative humidity is the outstanding requirement of 
the letter-press plant, such a system will go far toward 
correcting the difficulties outlined. 

In many cases it has been found possible to accom- 
plish dehumidification without the installation of re- 
frigerating equipment, by the use of an already available 
supply of well water, either from a well or, in certain 
localities, by using the city water supply. The possibil- 
ities of such a source of cold water being available should 
be investigated on each individual job. In general, quan- 
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tities of water of 200 gpm or more at temperatures not 
much over 55 F will be required. 


Control of Air Movement 


The question of air movement, or the distribution of 
conditioned air throughout the plant, is one of rather 
more vital interest in air conditioning for the printing 
industry than in some other types of industrial applica- 
tions, and it is one that is sometimes apt to be neglected, 
although it is axiomatic that no air-conditioning system 
is better than its distribution. In a printing plant, care 
must be taken to secure uniformity of conditions through- 
out the plant, to distribute the air in accordance with the 
heat load and to use air velocities and locate duct outlets 
in such a position that drafts are avoided both where 
stock might be distributed or personnel made uncom fort- 
able. There are a number of special departments such 
as foundries and machine composing rooms where special 
types of distribution must be used in connection with 
exhaust systems to handle the large amounts of air re- 
quired, and others such as large web presses which re- 
quire special treatment in order to avoid dead spots. 


Air Cleanliness 


Cleanliness of the air circulated is also of importance 
in printing plant work where floating dust settling upon 
forms, rollers, wet plates and films is the cause of dis- 
tressing stoppages and spoiled work. All outside air 
should be thoroughly cleaned before being brought into 
the plant and if there are unusual amounts of impurities 
outside, such as soot, spécial cleaning procedures must be 
used. Similarly, the dirt produced inside the p!ant must 
be removed from the air and where such impurities as 
bronze, graphite, and the carbon dust of photographic 
arcs are encountered, provision must be made to prevent 
their return through the distributing system. A micro- 
scopic and bacteriological analysis of the impurities 
washed from the air of a printing plant will reveal the 
importance of this factor, both from an operating and 
from a hygienic standpoint. 


Ventilation 


Finally, a complete and properly designed air-condi- 
tioning system should provide for ventilation, that is, it 
should positively bring into the plant sufficient outside 
air to make up for that vitiated by people, gas burners 
and other factors, to make up for such air as is exhausted 
to carry away fumes, and to maintain a slight positive 
pressure in the building. 


Conclusions 


These are the qualifications of a complete air-condi- 
tioning system. An individual printing plant may need 
all of them or only some of them. Some of them may 
prove to be technically desirable, but economically out 
of reach. All possible permutations and combinations 
of these five characteristics may be and are being in- 
stalled in the printing industry. A system may con- 
trol humidity but not temperature; it may heat but not 
cool ; it may cool but not heat; or it may ventilate and do 
nothing more. To determine the type of system to be 
used and how far it should go is the duty of a competent 
air-conditioning engineer working in conjunction with 
the printing plant manager, and thereby balancing the 
requirements of the system against its economic value. 
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I. INTRODUCTION 


1. The purpose of the Code for Testing Steam Heating 
Boilers Burning Oil Fuel is to provide a standard method 
for conducting and reporting tests to determine heat effi- 
ciency and performance characteristics. The Code recog- 
nizes that tests of oil burners and boilers may be made 
under different conditions for different purposes, and with 
complete or limited facilities for conducting the tests. It 
is designed to cover the determination of a complete heat 
balance; if a less complete test is required to satisfy the 
objectives of the test, observations not required may be 
omitted. It should be appreciated that in all cases to which this 
code applies there are two devices (that is, boiler and oil burner) 
involved in the test. Both devices influence the results obtained. 
Two different oil burners placed successively in the same boiler 
may not produce identical results. To view the results as if 
they pertained only to the boiler, would be an incorrect viewpoint. 

2. Standard Form. Table 1, Standard Form, Oil Fuels, is 
arranged for recording the full data called for by this Code. 

3. Short-Test Form. Table 2, Short-Test Form, Oil 
Fuels, is for tests in which a complete heat balance is not 
desired. The following determinations are not required: 

(a) Ultimate analysis of fuel 
(b) Complete flue gas analysis 
(c) Furnace volume A and B 
(d) Unit combustion rate 

4. Continuous and Intermittent Tests. Two general types 
of tests are recognized which may use either the Standard 
or Short-Test Form. These will be designated as Continu- 
ous and Intermittent. A continuous test may be defined as 
one where fuel is burned throughout the duration of the 
test at a constant rate. An Intermittent test is one where 
the fuel may not be burning at all times during the test or, 
if burning continuously, the rate of burning varies. These 
methods are treated in detail in Sections VII and VIII of 
the Code. 

II, DEFINITIONS 

5. Furnace Volume. There are two furnace volumes to 
be considered, which will be designated as furnace A and 
furnace B, 

6. Furnace A is the total volume enclosed by the boiler 
and boiler foundation which may be used as combustion 
space. This space is that enclosed by the floor, side walls, 
and/or water legs, up to the crown sheet or equivalent 
which shall be a plane tangent to the bottom of the lowest 
row of tubes or other water backed surfaces. A bridgewall 
shall constitute a side wall. The average width, length and 
height of the furnace shall be indicated on a dimensioned 
sketch, 

7. Furnace B is the space left in furnace A after the oil 
burner has been installed. The lower bounding surface will 
generally be the hearth of the furnace or equivalent, the side 
bounding surface the same as furnace A, except as modified 
by brick work on the sides and ends, and the upper bound- 
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ing surface the same as furnace A. Again the average di- 
mensions shall be recorded on a sketch. 

8. Combustion Rate. This shall be recorded as the num- 
ber of gallons, pounds and Btu per hour supplied to the 
burner. 

9. Unit Combustion Rate. This shall be recorded as the 
number of gallons, pounds and Btu per hour per cubic foot 
of furnace B supplied to the burner. 

10. Boiler Output. The quantity of heat available at the 
boiler nozzle with the boiler normally insulated. 

11. Overall Efficiency. The percentage of the heat in the 
oil fuel fired which is delivered at the boiler nozzle when 
the boiler is normally insulated. 


III, SET-UP OF OIL BURNER AND BOILER TO BE 
TESTED 


12. The Oil Burner. If the oil burner is set up for the 
purpose of commercial testing, it shall be installed according 
to manufacturer’s directions. 

Experimental work is limited in no manner except that the 
manner of installation shall be clearly described. 

13. The Boiler. If the boiler is set up for the purpose of 
testing, it shall be assembled according to manufacturer’s 
directions. 

14. Boilers already installed shall be arranged to comply 
with the following conditions as nearly as possible, or as 
shall be agreed to by all interested parties. 

15. Boiler Covering. The boiler should be covered with 
such heat insulation as is recommended by the manufac- 
turer; if tested uninsulated or partly insulated an allowance 
shall be made for that portion of the heat lost from the bare 
iron steam and water surfaces which might have been saved 
by covering; the allowance shall be computed from the 
formula given with the tables of this Code. 

16. Steam Outlet Piping. All steam outlet pipes from the 
boiler shall always be well covered, up to and including the 
steam separator. 

17. The vertical outlets from the boiler leading up to the 
separator shall be in number, arrangement and size accord- 
ing to manufacturer’s directions and shall rise vertically from 
the boiler nozzle as high as possible but not more than 30 
in. before entering the steam separator. 

18. The steam piping leading from the separator shall 
have a slope so that water condensed in it will drain away 
from the separator. The drain pipe from the steam separa- 
tor shall include a U-leg sufficiently long to prevent the 
steam blowing out, and with a short inverted U-leg at the 
outlet, so that the drip may be caught in a container. Re-evapora- 
tion of water drained from the separator shall be prevented by 
use of a suitable cover on the container. 

19. The steam valve on the boiler steam outlet piping shall 
be placed beyond the steam separator. 

20. Feed Water Piping. The feed water pipe should con- 
nect to the boiler where the returns would normally come. 
The temperature of the feed water shall be read from a ther- 
mometer inserted in a cup projecting well into the feed line 
near the boiler and filled with a heavy oil or mercury. A 
valve shall be placed on each side of the above-mentioned 
cup. The valve between the cup and boiler shall serve as 
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a shut-off valve. The valve between the cup and feed water 
supply shall be used as a regulating valve only. This valve 
may be an automatic one for maintaining a uniform water 
level in the boiler. 

21. All boiler-water connections, including blow-off pipes, 
must be exposed to view, so that leakage may be observed 
and either stopped or measured. It is desirable to have a 
steady rate of feed so that feed water temperature readings 
will be accurate and none will have to be omitted. 

22. Water Gage Marking. The water gage shall have a 
mark to indicate the water level recommended by the manu- 
facturer. 

23. Smokehood Connections. The boiler shall be con- 
nected with a short, direct smoke-pipe to a chimney flue of 
suitable size, height and construction to give proper draft. 
All joints shall be thoroughly sealed and maintained so dur- 
ing the tests. 

24. Insulation. The smokehood and the smoke flue shall 
be insulated with not less than 1-in. thickness of insulation; 
the smoke-flue insulation shall extend at least one equivalent 
flue diameter beyond the point where the flue-gas tempera- 
ture is measured. 

25. The choke damper, if incorporated in the boiler, shall 
be put in place, opened wide and kept so during all tests. 
A damper shall be placed in the smoke pipe between the 
chimney and the point where flue-gas measurements are 
made. This shall be called the regulating damper. A check 
damper, either manual or automatic, may be placed between 
this damper and the chimney if desired. 

26. Chimney. This code allows that the draft may be 
produced by a chimney or by a fan or other arrangement 
for providing induced draft; there shall, however, be a suit- 
able damper or by-pass in the test flue or chimney that will 
permit of the draft at the regulating stack damper being 
reduced to a little above that required for the output of the 
test which is being made. 

27. Cleaning of Boiler. The water spaces of the boiler 
shall be thoroughly boiled out with a cleansing solution, then 
thoroughly rinsed with clean water. 

28. Soot and Dust. The heating surface, furnace, flues and 
chimney shall be clean and free from soot and dust at the 
beginning of the test. 


IV. INSTRUMENTS AND MEASURING APPARATUS 


29. Steam Output. The weight of water evaporated may 
be determined either by condensing the steam and weighing 
the condensate, designated as Method A, or by weighing the 
water fed to the boiler, designated as Method B. 

30. Method A. Water shall be fed to the boiler with- 
out being weighed. The steam after passing through 
the separator shall be led to a condenser through a con- 
necting steam pipe sloping toward the condenser. The 
condensate shall be caught in suitable tanks and 
weighed. The condenser shall be the closed type, pref- 
erably with outside joints, and of sufficient capacity 
that the temperature of the condensate shall not exceed 
150 F. Before each test it shall be tested for freedom 
from leakage by putting it under full water pressure. 

31. Method B. The quantity of water fed to the 
boiler shall be determined in weighing or measuring in 
a calibrated tank. The most convenient weighing ar- 
rangement depends on the size of the boiler, but it sha!l 
be such that the weight fed can be determined at any 
instant. The use of tanks calibrated for the weight of 
water they hold at the temperature of the feed is per- 
missible. The water may be fed to the boiler by gravity, 
air pressure or feed pumps; there shall be no leakage 
between the measuring tanks and the boiler. 

32. Weighing Scales. Accurate scales of suitable size shall 
be provided for weighing separator water, feed water, and 
fuel. If the oil tank is mounted on scale it shall be con- 
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nected to the burner by means of flexible oil-tight tubing. 
Water and oil may be volumetrically measured by means of 
calibrated tanks. 

33. Draft. Two draft gages shall be provided and so 
arranged as to determine the pressure difference between 
the room atmosphere and the furnace and the smokehood. 
Draft measurements shall be made with draft gages reading 
to 0.01 in. Draft gages shall be checked for zero reading 
each hour, 

34. The smokehood draft shall be measured at least one 
pipe diameter before the regulating stack damper. The con- 
nection into the stack flue shall have its end square and 
shall be set at right angles to the flow of the gases. A 
Ya-in. pipe is a convenient size. 

35. Steam Separator. The steam separator shall have suf- 
ficient volume to catch slugs of water and to prevent their 
passing into the steam lines; it shall also efficiently separate 
entrained water from steam carrying it. 

36. Temperature Measurement. Accurately calibrated in- 
struments shall be provided for all temperature measure- 
ments. A mercury thermometer is preferable for measuring 
feed water temperature. It is recommended that thermo- 
couples, in preference to other types of thermometers, be 
used to measure the flue-gas temperatures. The temperature 
shall be measured in the smoke pipe not less than one nor 
more than two pipe diameters beyond the smoke-pipe collar. 
The thermo-junction or bulb of the thermometer shall be 
placed as shown on the sketch. The instrument used with 
the couple should be sensitive to at least 5 deg Fahrenheit 
and have a range up to 1200 F. 

37. Gas Analysis. The sample for gas analysis shall be 
taken from the smoke pipe at the point at which the tem- 
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perature is measured in such a manner as to give a fair 
average sample of the gas stream. An Orsat or equivalent 
gas analyzer shall be used. An open end %-in. pipe reaching 
one-quarter way across the flue pipe is usually satisfactory, 
but the probable mixing of the gases should be considered 
and the open end so placed as to be in the average gas 
stream. For gas temperatures of over 750 F the portion of 
the collecting pipe extending into the flue should be clay or 
silica. As an average value for the test period is desired, 
the correct and simplest method is to collect samples of the 
flue gas at a constant rate into a one-gallon bottle ap- 
proximately, and to take the samples for analysis from these 
bottles. Each of such samples shall be collected for the 
same length of time and their analyses averaged. If record- 
ing gas analyzing instruments are provided, they shall be 
checked every hour with the Orsat or other manual ap- 
paratus. 

38. Smoke Readings. Smoke readings if desired shall be 
made by the Ringelmann Chart Method. 

39. Pressure Readings. A calibrated steam gage or a 
mercury column shall be used for determining the steam 
pressure. 
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V. FUEL SAMPLING 


40. A fair sample of the oil shall be obtained (not less 
than two (2) quarts). This may be done by taking some oil 
from the small tank especially used for testing or an occa- 
sional sample from the oil supply line to the burner. The 
sample should be placed in a tight vessel, marked with test 
number and stored in a cool place. 

41. Fuel analysis. The fuel shall be analyzed according to 
the method of test specified by the American Society for Testing 


Materials, 

Note: For the Standard form the ultimate analysis must be obtained 
in addition to the usual findings. The short form requires only a heat 
value determination. 

42. A calculated heat value may be used, especially in 
field work, with reasonable accuracy for that type of work. 
It is not recommended for laboratory tests (see item 17, 
Table 2). 


VI. DURATION OF TESTS 


43. The duration of tests shall be based on the firing of 
the minimum quantity of fuel oil to make the quantitative 
errors comparable for all tests. 

44. For the continuous test the total quantity of oil fuel 
burned shall be at least two pounds of oil per cubic feet of 
Furnace B (see par. 5) and under no condition shall the test 
be less than two hours duration. 

45. For the intermittent test the total quantity of oil fuel 
burned shall be at least three pounds of oil per cubic foot 
of Furnace B (see par. 5). 


VII. STARTING AND STOPPING CONTINUOUS 
TESTS 


46. Operating Conditions. After the has 
started and the combustion rate and draft have been 
justed, all operating conditions shall have remained constant 
for one-half hour before the test is started. 

47. Start of test. At the start of the test the time, fuel, 
feed water and gage glass level shall be quickly measured 
and recorded. A pail shall be placed under the separator 
outlet. 

48. End of test. At the end of the test the gage glass 
level should be at exactly the same point existing at the 
beginning of the test and the time, fuel and feed water shall 
be quickly measured and recorded. The separator water in 
the pail shall be weighed and recorded. 


been 
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STARTING AND STOPPING OF INTERMIT- 
TENT TESTS 


49. Measurements and procedure. 
measurements and procedure must be followed in these tests 
as outlined in Section VII. Due to the fact that intermittent 
operation includes a heating and cooling of the boiler, fire- 
brick and so forth, it is absolutely necessary to be sure that 
the same conditions exist at both the beginning and end of 
the test. 

50. The duration of the on or burning period of the test 
shall be such that conditions have become reasonably stab- 
ilized before going to the off or non-burning or possible 
low-burning period of the test. Flue gas temperature will 
show this stabilized condition quite well if succeeding read- 
ings show or indicate but small changes. For small boilers 
thirty minutes seems long enough. For large boilers longer 
periods might be necessary. 

51. These tests shall be started and stopped at the end 
of an on period of sufficient duration as explained in par. 50. 
For any one test all the off periods shall be equal to each 
The test readings except time and draft 


VIII. 


In general the same 


other in duration. 


may be omitted during the off period except in cases where 
fuel is burning. To get correct averages when operating 
on the low-burning period it is necessary to obtain weighted 
averages of the flue-gas temperature and analysis readings 
according to the respective rates of fuel burning. 
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give the required accuracy on the heat balance calculations 
called for in the Standard test form. 


IX. METHOD OF CONDUCTING TEST 


52. The steam pressure shall be maintained at 2 lb unless 
the purpose of the test requires operation at some other 
definite pressure. The water level in the boiler shall be 
maintained constant during the test. . 

53. Water fed or condensed. The records of water fed 
or condensed shall be made as required by the measuring 
system. It is desirable to measure the water fed or con- 
densed each half hour to check the rate of steaming. 

54. Observations of drafts, pressures and temperatures 
shall be made regularly during the test at least every 15 
min. Separator water shall be weighed every hour. 

55. Flue gas analyses shall preferably be made on samples 
collected for periods not exceeding 30 min. 

56. Smoke readings when made shall be recorded at least 
every 30 seconds over a period of time sufficient to show the 
performance under all typical conditions. See Section IV, 
Par. 38. 

X. PERFORMANCE CHARTS 

57. If four or more continuous tests are run at different 
combustion rates a performance chart may be made. Against 
output expressed in thousands of Btu and square feet of 
steam radiation, the following items may be plotted; overall 
efficiency, flue temperature, combustion rate, furnace draft, 


boiler draft, unit combustion rate and CO,. 
58. If four or more intermittent tests are run at different 


off periods a performance chart may be drawn plotting over- 
all efficiency against output expressed in thousand Btu and 
square feet of equivalent radiation. (E. D. R.) 


STANDARD FORM 


TABLE 1. DATA AND RESULTS OF TEST—LIQUID FUELS 


General Information 


1. Number of test___.._-- ee) On SE oe 
A 
3. Test conducted by-_------- 
4 
5 


Type of test: continuous 

. Make and catalogue designation of burner___._____._______- 

ee 
yl, ol ee Sse 
8. Make and catalogue designation of boiler.__..__._._______- 

ie a ia isc mien hint eikwindom 

10. Description of boiler covering. -------- 


EE a eee ene ee sq ft 
12. Furnace volume A..-_.._.__--- a eR pee 7 cu ft 
13. Furnace volume B__-_-- TESTES Ek OE OR SET cu ft 


14. Weight of water in boiler to normal water line____-__- a | 


OR 5 a es ee eee é hours 
16. Power consumed by oil burner_______._.__-.._--_-- _watts 
a.) eee I I OE nn. nce ckceencs cu ft 


18. Oil setting (valve position, oil pressure, nozzle, etc.)____- 

19. Air setting (number of fan and adjustment, area of air open- 
ine, anf premeere, ote.)... ..............s- 

20. Description of flame (color, shape, condition, etc.)_-__-- 

21. Barometer reading---.__-._-- in. mercury 


Fuel 


22. Kind (Commercial Standard Grade) 
23. Gravity-_-- 
OR, eee EE EEUORS 1 ORE eT eS _.F 


25. *Distillation Test (a) 10% at.......__..____-- F 

(b) 90% at.__--- eae F 

i) a, Ms... Ae: =e en, F 
ee ee per cent 
i seconds - method at___.---- F 


*According to Commercial Standard Specifications. 
**Saybolt Universal at 100 F for No. 3 and No. 4 oil 
Saybolt Furol at 122 F for No. 5 and No. 6 oil 
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28. 


29. 


30. 
31, 


32. 
33. 


34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 


44, 
44a. 
45. 
46. 
47. 
48. 
49. 
50. 


51. 
52. 
53. 
54, 
55. 
56. 
57. 
58. 
59. 
60. 


61. 
62. 
63. 
64. 


65. 


66. 
67. 
68. 
69. 


Whe 


Ultimate analysis: 


(a) Hydrogen- - --- aaa Scmabtid per cent of total weight 
See I oteciindueeGemn ame per cent of total weight 
ee ee ee per cent of total weight 


Cg RR een eres oe ..-per cent of total weight 
RS Se ..-.--per cent of total weight 


(a) Higher Heating value per pound as fired_-_--_------ Btu 
(b) Higher Heating value per pound moisture free____.. Btu 
Total fuel fired during test..............-- Saas, 
Temperature of oil as fired. ------ Ee eS eee Se ee F 
Draft 
I OO alse aateinieth ween in. of water 
PE Ok ee DI ce ccnce cen onoescnsancuss in. of water 
Flue Gas 
Carbon Dicnife (COs). «2. on cennccces- _..--per cent volume 
Eee Se 2a ee en 2 per cent volume 


_...-per cent volume 
per cent volume 


Carbon Monoxide (CO)____--- 
Nitrogen (N2) by difference_____...--.---- 


Temperature of flue gases leaving boiler-- --- aD Nee ._-F 
I WE Git dceiunsensendcotncnat ar tae F 
Dry flue gas per pound of fuel, as fired_...............-.-Ib 
Air supplied per pound of fuel, as fired (actual)__-----_-- Ib 
Theoretical air required per pound of fuel as fired___._-_--lb 


II Soci ntie alta hetivnliniccn eld wal ..--per cent 


Steam and Feed Water 


Steam pressure by gage, boiler- ------- _..-lb per sq. in. 


Absolute steam pressure_.._-_----- ‘ Ib per sq. in. 
Temperature of feed water entering boiler_- ~ 
Total weight of water fed to boiler_-_-_---- Ib 
Total weight of water from separator-_------- Ib 
Percentage of moisture in steam_-__.__-.-..-.-.----per cent 
fe ea 


ROU CE BVI ioc ccksenccccckncas 


Hourly Rates 


CN Rn. oir ebecaewdcs acne ...-lb per hour 
Combustion rate-_--- sides di tabelpsabdice Betas dice die mi gal per hour 
NNR 5.n ccansnennsnabaln ...1000 Btu per hour 
Unit Combustion rate - ---- lb per cu ft of furnace B per hour 
Unit combustion rate. -_--. gal per cu ft of furnace B per hour 
Unit combustion rate_ 1000 Btu per cu. ft. of furnace B per hour 
Actual water evaporated per hour_____.._...---lb per hour 
Correction for uncovered boiler_____.........---lb per hour 
Total equivalent evaporation- - _- Ib per hour 


Heat absorbed per square foot of boiler heating 
surface por howr........<...<.<s- Btu per square foot per hour 
Output 
Output in 1C00 Etu per hour__-.._--.--- — 
Jutput in square feet of steam radiation. -- - - ; _sq ft 
Actual evaporation per pound of fuel, as fired_-__- ..-lb 
Equivalent evaporation per pound of fuel, as fired_-_--. .-lb 


Heat Balance 


Heat transferred to boiler, (overall efficiency of 
boiler, burner and furnace) per cent Btu 
Heat carried away by steam in flue gases___..__per cent Btu 
Heat carried away by dry flue gases_--_-- ..per cent Btu 
Heat loss due to unconsumed carbon monoxide_--_per cent Btu 
Heat loss due to unconsumed hydrogen, hydro- 
carbons, radiation and unaccounted for miscel- 
laneous items_ - _. per cent Btu 


CALCULATIONS FOR TABLE 1 
Explanation of Symbols 


rever CO2, Oo, and N2 are used they are percentages by volume 


of these constituents in the gases of combustion, 
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H 


h= 


Item 40 


Item 41 


Item 42 


Item 43 


Item 44a 


Item 46 


Item 48 


Item 49 


50 


Item 


Item 


Item 52 


Item 


54 


Item 


Item 


Item 58 


Item 59 


Item 61 


Item 62 
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Total heat (in Btu per pound of dry saturated steam 
at the boiler outlet pressure.) 

Total heat (Btu per pound) in feed water at boiler 
inlet. 

Latent heat (in Btu per pound) of steam at the boiler 
outlet pressure. 


Formulae and Notes 


700 + 4 CO; + O2 
— X Item 28 (0) 
3 (COz + CO) 
9 X Item 28 (a) 
Item 40 + —————_ 
100 





——— = f 


Item 28 (d) 
+ Item 28 (a) — ————-- 
3 8 


(Item 28 (db) 


Item 41 — Item 42 
— X 100 





Item 42 
(Barometric Pressure in Inches of Mercury X 0.491) 
+ Item 44 
(When condenser is used) weight of water from con- 


denser + Item 47 


Item 47 
—— xX 100 
Item 46 


Item 46 — Item 47 
H — L X Item 48 —A 


Item 30 


Item 15 
Item 30 X (131.5 + A.P.I. gravity) 


Item 15 & 1180 
Item 30 X Item 29 (a) 


Item 15 X 1000 


Item 51 Item 52 

—_—_— Item 55 = ——— 

Item 13 Item 13 

Item 53 Item 49 

——— Item 57 = ——— 

Item 13 Item 15 
1.8 


———— (7, — Item 39) A, where 

H —h 

T, = temperature of steam 
A, is the allowed projected area of uncovered 
metal steam-heated surface. This item shall not 
be allowed on a commercial acceptance test. 


at the boiler pressure: 


(Item 57 X Item 50) + Item 58 
(Item 59 X 971.7) 


1000 


971.17 
Item 61 Xx—-——- 
240 
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Item 49 
Item 63 = 

Item 30 

Item 59 X Item 15 
Item 64 = 

Item 30 

Item 64 X 971.7 100 

Item 65 = 
Item 29 (a) 
9 x (1089 +-0.46 X Item 38 —Item 39) Item 28(a) x 100 
Item 66 = 
Item 29 (a) 

Item 40 X 0.24 (Item 38 — Item 39) X 100 

Item 67 = 
Item 29 (a) 
co 

— X Item 28 (6) & 10,150 100 

CO, + CO 
Item 68 = 

Item 29 (a) 

Item 69 = 100 — (Item 65 + Item 66 + Item 67 + Item 68 


SHORT TEST FORM 
TABLE 2. DATA AND RESULTs OF TEST—LiIQuUID FUELS 
General Information 


EEA ROLE ST Se I I eS TR, 
Date of test__---- 
Ts dntawdecebatacd ocean : 
Type of test: continuous-_---_-_-_- intermittent. .......... 
Make and catalogue, designation of burner________-_-_- baoee 
ee ee Serer. ............. 
Kind of ignition.........---. 
Make and catalogue designation of boiler____............-- 
>): | 1 a 
10. Description of boiler covering______.----- ss seat dibs ease 
ef ee __hours 
12. Oil setting (valve position, oil pressure, nozzle, etc.)__.____- 
13. Air setting (Number of fan adjustment, area of air opening, 
eS . aaah 
14. Description of flame (color, shape, condition, etc.) -__ _- 


PA ANP We 


Fuel 


15. Kind (Commercial Standard Grade) Number ae 
Sl IN xt biech endiics tein Deakennnaniuwnels ; mm 6) 8 
17. Higher heating value per pound as fired (calculated) 


(calorimeter)... ... apm aaereie mete a bas eke Btu 
18. Total fuel fired during test-_ -- -- ‘ ‘ ; Ib 
Draft 
19. Draft in furnace............-- : in. water 
20. Draft at boiler outlet. ._______- » in. water 
Flue Gas 


21. Carbon Dioxide (CO,)............-.-- 
ek I Ig ictniie cerincedmaninneewa 

23. Carbon Monoxide (CO)__....__._--- : 
24. Temperature of flue gases leaving boiler-__- 


..per cent volume 
.per cent volume 
per cent volume 


Steam and Feed Water 


25. Steam pressure by gage boiler_____.. pounds per square inch 


25a. Absolute steam pressure- ---_.._-_--- pounds per square inch 
26. Temperature of feed water entering boiler__-.__- pamarnanedel a 
27. Total weight of water fed to boiler______-_- eee es Ib 
28. Total weight of water from separator. __.......--- sisted Ib 
29. Per cent of moisture in steam- _--- ---- aiid ith stalin teint per cent 
TE IE Ib 


nn a ecmsinsimeinomde’ Ib 
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Hourly Rates 
ee ee L esientiiuaical lb per hour 
33. Combustion rate.............--. satel ddl tecs testa gal per hour 
a ee Ib per hour 
35. Correction for uncovered boiler_........-.---.-- Ib per hour 
36. Total equivalent evaporation.--........-------- Ib per hour 

Output 
Me a ee Btu 
38. Output in square feet of steam radiation. _..--.....---- sq ft 
39. Actual evaporation per pound of fuel as fired__.....-.---- Ib 
40. Equivalent evaporation per pound of fuel as fired_.....-.-. Ib 
41. Heat transferred to boiler (overall efficiency of 
Cg SE re ns ee ee ee per cent Btu 


CALCULATIONS FOR TABLE 2 
Explanation of Symbols 


H = Total heat (in Btu per pound) of dry saturated steam 
at the boiler outlet pressure. 


h = Total heat (in Btu per pound) in feed water at boiler 
inlet. 
L = Latent heat (in Btu per pound) of steam at boiler 


outlet pressure. 
Formulae and Notes 


Item 17 = Calculated heat value = 18650 + 40 (°A.P.I. — 10) 


Item 25a = (Barometric Pressure Inches of Mercury X 0.49) 
+ Item 25 


























Item 27 = (When condenser is used) weight of water from con- 
denser + Item 28 
Item 28 
Item 29 = x 100 Item 30 = Item 27 — Item 28 
Item 27 
L X Item 29 
H — ——————- - fh Item 18 
Item 31 = 100 Item 32 = — 
se Item 11 
971.7 
Item 18 X (131.5 + A.P.I. gravity) 
Item 33 = 
Item 11 X 1180 
Item 30 
Item 34 = 
Item 11 
1.8 
Item 35 = ———— (T, — T7,) X A, where 7, = temperature of 
H—h 
steam at the boiler pressure; 7, = temperature of 
air; A, is the allowed projected area of uncovered 
metal steam-heated surface. This item shall not be 
allowed on a commercial acceptance test. 
Item 36 = (Item 34 X Item 31) + Item 35 
Item 36 X 971.7 
Item 37 = 
1000 
971.7 
Item 38 = Item 37 X —— 
240 
Item 30 Item 36 X Item 11 
Item 39 = Item 40 = —- 
Item 18 Item 18 
Item 40 X 971.7 X 100 
Item 41 = 





Item 17 
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New Ocean House 


Meeting 1931, and Society members will gather at the New 
Ocean House, June 22 to 25, where they will be the guests 
of the Massachusetis Chapter of the A. S. H. V. E. 
The General Chairman of Arrangements is D. S. 
3oston, and W. T. Jones is Vice-Chairman. 
mittees will carry out the program as follows: Reception and 
Registration, J. S. Webb, Chairman; Hotel and Meetings, Alfred 
Kellogg, Chairman; Finance, W. T. Jones, Chairman; Ladies’ 
Entertainment, Mrs. E. A. Dussosoit, Chairman; Sports, E. A. 
Dussosoit, Chairman; Publicity, Leslie Clough, Chairman; En- 
tertainment, J. W. Brinton, Chairman; Golf, J. F. Tuttle, Chair- 
man; and Transportation, T. F. McCoy, Chairman. 


G Meeting 1931, 2 Mass., is the place of the Semi-Annual 


Boyden, 
Nine other com- 


The registration booth will be set up in the south end of the 
main lobby near the entrance to the ball room where all Tech- 
nical Sessions will be held. 

The entire day, Monday, June 22, will be reserved for Com- 
mittee and Council meetings, and the first social event will be 
an informal reception and dance at 8:30 that evening. 

The Technical Sessions will be held on each of the following 
three days from 9:30 a. m. to 12:30 p. m. after which members 
will have the opportunity to play golf, participate in other sports 
or do anything else that may suit their fancy. 


Swampscott 


June 22-25, 1931 


are: 


Among the technical which have been offered 
Measurement of the Flow of Air Through Registers and Grilles, 
by L. E. Davies; Conversion Tables for Steam Unit Heaters 
3ased on the Constant Volume Law, by L. S. O'Bannon 


J. W. May; Use of Gas for House Heating, by H. B. Johns. 


papers 


and 


In addition to the various technical papers the special and 
technical committees of the Society will have reports to make on 
the work that has been done since the Annual Meeting. 

In the near future members will receive a special invitation 
from the Massachusetts Chapter to come to Swampscott in June, 
and they will find in their mail a folder describing the hotel, 
historical places in New England, transportation and other im- 
portant information. 

Special plans have been made to entertain the ladies, and they 
will be afforded a splendid opportunity to visit historic New 
England during some of the trips which are in prospect. 

Swampscott is located a short distance from Boston, and is one 
The Hotel 


a broad sandy 


of the show places of Massachusetts’ north shore. 
headquarters are right on the ocean front, with 
beach for the exclusive use of the guests. 

There is still evidence in Swampscott of its role as a typical 
old time fishing village, and the surrounding country has much 


of historic interest. Aside from the beautiful summer residences 


— 
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and the fishing colony, one of the most interesting buildings in Semi-Annual Meeting 1931 
Swampscott is Olde Humphrey House, the oldest house in New 
England, which was built prior to 1637. White Court, the sum- 
mer home of Ex-President Calvin Coolidge, is situated on Little’s 
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New Ocean House, Swampscott, Mass., 












Point, within five minutes walk of the hotel. June 22-25, 1931 
Salem, nearby, is a quaint town founded in 1626, and contains Monday, June 22 
many fine old colonial residences, including The Witch House, 8:30 a. M. Registration 
and the House of Seven Gables. Marblehead, with its excellent 12:30 p. m. Luncheon (Authors and Council) 
harbor, is now a yachting center and is also the birthplace of 2:00 p. m. Council Meeting 
the American Navy. About 25 miles away is America’s greatest 3:00 p. M. Research Committee 
fishing port, Gloucester, established in 1625, and celebrated 8:00 p. m. Concert 
throughout the world for its fishing schooners. 9:00 p. M. Reception and Dance 






Lexington and Concord, the home of patriots and famous for Tyesday, June 23 
the first Revolutionary battles, are rich in historic sites. The 9:30 ~ wu. Technical Session 
line of the Minute Men is appropriately designated on the Lex- 2:00 vp. Mm. Sports and Entertainment Program for Members 
ington Common, and the John Hancock house may be seen with 














and Ladies 


Wednesday, June 24 
9:30 a. M. Technical Session 
2:00 p. m. Golf Tournament (Research Cup)—North Shore 
Country Club 
7:00 p. mM. Semi-Annual Banquet and Dance 


its original furnishings. 

At Sudbury the Wayside Inn contains many interesting relics 
and was made famous by Longfellow in his Tales of the Way- 
side Inn. Washington, Franklin and Lafayette were among the 
honored guests of the inn. 

Plymouth, or Pilgrim Land, important in New England 
legends, includes within the town limits Plymouth Rock, the Thursday, June 25 


landing place of the Pilgrims, and Pilgrim Hall, where a splen- 9-30 a. M. Technical Session 
did collection of authentic Mayflower relics will be found. 2:00 p. m. Sports and Entertainment Program for Members 
The call is—To New England in June. and Ladies 


Come to Swampscott 
in June 


for 
1931 
Semi-Annual 
Vieeting 





D. S. Boypen, CHAIRMAN, W. T. Jones, Vice-CHAIRMAN 


ARRANGEMENTS COMMITTEE ON ARRANGEMENTS 





COMMITTEE ON 




















Local Chapter Reports 





Cleveland 


February 18, 1931. The February meeting of the Cleveland 
Chapter, which was called tod order by Pres. F. H. Morris, was 
held in the rooms of the Cleveland Engineering Society. 


Following the routine of business the meeting was turned over 
to the speaker of the evening, Webster Tallmadge, who spoke 
on Zone Heating, which he illustrated with lantern slides de- 
scribing the steam flow through a building, characteristics of 
flow through orifices, remote control of valves, zoning arrange- 
ment of heating systems, and many other interesting things. 


The interest of the members in heating system control was 
indicated by the various questions that Mr. Tallmadge was re- 
quested to answer. 


The attendance was above average, helping to make the meet- 
ing one of great interest. 


Kansas City 


February 9, 1931. The Kansas City Chapter held its Febru- 
ary meeting at the Ambassador Hotel, with 24 members and 
guests present. The discussions and talks were of such unusual 
interest that the meeting did not adjourn until long after the 
usual closing hour. 


The meeting was called to order by Pres. E. K. Campbell, who 
conserved time by dispensing with routine matters to give time 
to important subjects at hand, and for the enjoyment of the 
program prepared by Vice-president Arthur. 


N. W. Downes reported on his activity in behalf of the Chapter, 
regarding important proposed {egislation advocated in recent 
meetings of the Architects and Engineers Council. The proposed 
registration law for professional engineers was read and dis- 
cussed, and inasmuch as a bill for the licensing of architects in 
the State of Missouri is coming up before the present Assembly 
at Jefferson City, it was thought proper to present the proposal 
for registration of engineers at the same time, and to get an 
immediate expression from members of the Society. 

After much enlightening discussion on the subject it was 
moved by Carl Clegg, and unanimously carried that the Kansas 
City Chapter endorse the proposed registration law for profes- 
sional engineers in the State of Missouri. 


Prof. S..H. Sluss invited the members to the University of 
Kansas, Lawrence, on March 18, where Dr. S. P. Grace of the 
Bell Telephone Laboratories of New York City will lecture under 
the auspices of the School of Engineering and Architecture. Sev- 
eral of the technical developments which have been worked out in 
these laboratories, will be explained and demonstrated. 


A confidential talk was then given by Colonel Edwards, who 
is one of the outstanding men occupying the position of Chief 
of Police in Kansas City, and is serving most effectively on 
various Law Enforcement Committees locally and nationally. 
Colonel Edwards spoke on Law Enforcement, which was very 
interesting and enjoyed by the members and guests present. 


Massachusetts 


February 26, 1931. The February meeting of the Massachu- 
setts Chapter of the Society was held in connection with the 
American Society of Refrigerating Engineers meeting in the 
Chamber of Commerce Bldg. in Boston, with an attendance of 
110 members and guests. 


After dinner brief remarks were made by President Fitz and 
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Secretary Ryan of the Refrigerating Engineers Society and by 
Pres. T. F. McCoy of the Massachusetts Chapter, A S H V E. 
The guest speaker of the evening was D. C. Lindsay, of New- 
ark, N. J., who addressed the meeting on Modern Trends in 
Air Conditioning. Mr. Lindsay cited numerous undeveloped 
opportunities for air conditioning systems and told of the prob- 
able rapid increase of this type of apparatus during the coming 
years. He presented lantern slides showing a variety of appli- 
cations of air conditioning and cooling, which interested the 
members and guests present. A fine discussion followed, 


Michigan 


February 9, 1931. The Detroit Edison Co. were hosts to the 
Michigan Chapter of the AMERICAN Society OF HEATING AND 
VENTILATING ENGINEERS. This is an annual event and has be- 
come an outstanding occurrence in the annals of the Michigan 
Chapter. After dinner, which was served in the restaurant of 
the Edison Company’s main office building, the 95 members and 
guests assembled in the auditorium for an entertainment program. 


Following the entertainment Pres. E. E. Dubry opened the 
meeting by introducing S. S. Sanford, heating engineer with 
the Detroit Edison Co., whose subject was, Modern Methods of 
Saving Heat in Buildings. Mr. Sanford has had charge of tests 
which have been run on more: than a dozen office buildings in 
Detroit and the information which he presented was all based 
on the results of his investigations. 


He brought out the fact that his tests have shown that in most 
tall office buildings not enough consideration has been given to the 
stack effect which exists in practically all cases. He urged that 
this be taken into account by increasing the heating surface on 
the lower floors and decreasing the radiation on the upper floors. 
He also brought out the fact, which is not generally known, 
that the upper part of a tall office building does not cool off 
at night as quickly as does the lower part of the building. 

Mr. Sanford had charts to show that a heat saving in steam 
consumption can be made in an office building if the steam is 
turned off at night. Contrary to the opinion of a large percent- 
age of engineers, he has found that it is far more economical to 
turn off the steam as early as possible in the evening and leave 
it off until the following morning, turning it on then in sufficient 
time to bring the building to the proper temperature before it 
is occupied. In the first place, apparently the building does not 
cool as quickly or as much at night as the average engineer 
would expect and in addition, it is not as difficult to bring it up 
to temperature in the morning as the average engineer thinks it is. 


Mr. Sanford went into the control of heating systems in office 
buildings, touching on intermittent heating, controlled by ther 
mostats, the varying steam pressures or vacuum, and the frac- 
tional heating of radiators by hand modulating valves, by wall 
thermostats or thermostatic radiator valves and radiator orifices. 
He expressed the opinion that the radiator orifices were the best 
type of control where the system was controlled from a central 
point and the pressure was varied with the outside temperature. 

Following Mr. Sanford’s very complete and enlightening dis 
cussion numerous questions were asked by the members. 

The next speaker of the evening was J. H. Walker, also with 
the Detroit Edison Co., whose subject was, Modeling as Applied 
to Pipe Design. To illustrate the point that by making an actual 
model of a job, the installation of the piping was not only sim- 
plified for the engineer and draftsman, but it looked a great 
deal better, Mr. Walker showed a picture of a unit with all its 
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piping connections which had been installed before they began to 
make models and then he showed another picture of the same 
unit with its piping connections which were designed from a 
model. 

Following Mr. Walker's talk a very interesting discussion 
took place, which brought the February meeting to a close. It 
was the consensus of opinion that this was one of the most en- 
joyable evenings of the year. 


Minnesota 


February 16, 1931. Thirty-five members and guests gathered 
at the St. Paul Athletic Club for the February meeting of the 
Minnesota Chapter of the Society, at which Pres. D. M. Forfar 
presided, 

M. S. Wunderlich, representative on the Nominating Commit- 
tee at the Annual Meeting of the Society, reported on the candi- 
dates considered for 1931. 

Prof. F. B. Rowley gave a report on many interesting meet- 
ings held at the meeting in Pittsburgh, and spoke also of the 
excellent work being done by the Research Laboratory of the 
Society in Pittsburgh, and how this was made possible by Society 
support through membership dues. 

President Forfar expressed his appreciation for the honor 
bestowed on the Minnesota Chapter in selecting Professor Row- 
ley as first Vice-president of the Society. He also mentioned 
the splendid work done by the Minnesota Chapter in the recent 
membership drive, as a result of which, the Minnesota Chapter 
was awarded the banner for the largest percentage of new mem- 
bers obtained during the year. 

Albert Buenger and E. F. Jones outlined briefly the many 
unique heating and ventilating problems in connection with the 
design of systems for the Northwest Airway Hangars and Shops, 
and the 109th Aero Squadron. These are both oil fired boiler, 
unit heater installations with automatic control. 


After considerable discussion on these installations the meet- 
ing adjourned for an inspection trip through the plants. 


Philadelphia 


February 12, 1931. The regular monthly meeting of the Phila- 
delphia Chapter was held at the Engineers Club, with Pres. E. 
N. Sanbern presiding. 

President Sanbern introduced the speaker of the evening, Lee 
P. Hynes, a member of the Chapter, who presented a most inter- 
esting talk on Heating by Electricity. Mr. Hynes outlined the 
various industries that now employ this form of heat in the 
manufacture of their products, and demonstrated the different 
types of heaters, explaining the progress that has been made in 
the manufacture and design of the numerous resistants. He also 
outlined different methods of producing heat by electricity, and 
types of heaters that have been used successfully up to the 
present time. This subject was the first of its kind presented to 
the Chapter, and proved to be a very interesting topic. 

After a rising vote of thanks had been extended to Mr. Hynes, 
J. F. Gaskill, assistant engineer of power sales for the Phila- 
delphia Electric Co., gave a short talk outlining the work that 
was being done to further the use of electric heating in Phila- 
delphia. 

Mr. Mensing then made an appeal for members of the Society 
to become members of the Engineers Club, stating that it was 
necessary for the members, as engineers, to help carry on organi- 
zations that were interested in engineering societies such as the 
Engineers Club. 

Following the reading of the Committees with their respective 
chairmen that have been appointed to function during President 
Sanbern’s term, the meeting was adjourned, 





Ontario 


March 2, 1931. The Ontario Chapter of the A. S. H. V. E. 
held its monthly meeting at the Prince George Hotel, where 57 
members and guests enjoyed dinner and a very pleasant evening. 

After dinner Esten Bolling, consulting engineer, spoke on the 
subject of An Engineered Home Makes Home—Sweet Home. 
This address dealt chiefly with an air conditioning experiment 
in a home, and in conclusion he predicted new practices in heat- 
ing and ventilating in homes of the future. 

The members and guests of the Ontario Chapter were also 
fortunate in having with them such prominent members of the 
Society, as C. W. Farrar, Buffalo, N. Y., chairman of the Com- 
mittee on Increase of Membership, and A. V. Hutchinson, New 
York, N. Y., Secretary of Society. Following a brief talk on the 
increased membership by Mr. Farrar, Mr. Hutchinson spoke on 
the activities of the Society during the past year and outlined 
briefly the plans for the coming year, which was thoroughly en- 
joyed. E. Holt Gurney gave a splendid resumé of the work of 
the Society during the Pittsburgh meeting and expressed his 
enthusiasm for the good work being accomplished by the Society. 

A. J. Dickie extended a vote of thanks to the guests of the 
evening, which was followed by adjournment. 


Western New York 


February 7, 1931. The Society’s Western New York Chapter 
held its annual dinner dance in the ball room of the Hotel Buffalo 
with an attendance of 92 members and guests. 

Roswell Farnham acted as toastmaster of the evening, which 
task he very ably fulfilled. 

F. H. Burke, the retiring president, expressed his appreciation 
for the cooperation of the committees and members in making 
the past year of the Chapter a success, and at the conclusion 
introduced Joseph Davis, who was elected president for the en- 
suing year. Mr. Davis asked for the continued cooperation of 
the members which has brought about the large attendance at the 
last year’s meetings. The other incoming officers were then 
introduced and in turn, each responded briefly and pledged his 
support to the new president. 

Roswell Farnham, continuing his task, presented the A. S. H. 
V. E. watch to Joseph Davis for obtaining the largest number of 
new members for the Society during the past year when he was 
chairman of the Membership Committee. 

W. G. Fraser, Hugo Hutzel, C. A. Evans and M. S. Jackson, 
all past-presidents of the Chapter, were then introduced, each in 
turn commending the success of the Chapter during the past 
year under the leadership of Mr. Burke. 

The members and guests enjoyed a more than pleasant eve- 
ning, and very few left before the orchestra at 2:00 A. M. 


St. Louis 


March 4, 1931. The March meeting of the St. Louis Chapter 
of the Society was held at the Roosevelt Hotel, with 19 mem- 
bers and guests present when the meeting was called to order 
by Pres. R. M. Rosebrough. 

After the regular order of business had been taken care of, 
the meeting was turned over to L. Walter Moon, chairman of 
the Program Committee, who advised that Rodney Smith, of 
W. B. Ittner, Inc., scheduled to appear at this meeting to discuss 
the subject of The Evolution of School Heating and Ventilating, 
had been called out of town and was unable to be present. 

Mr. Moon then introduced C. L. Bailey, Republic Steel Corp., 
who exhibited three rolls of films prepared by the U. S. Bureau 
of Mines, under the Department of Commerce for their Library, 
pertaining to the making of alloy steel. The description of this 
process and the films were educational and much appreciated 
by the St. Louis Chapter members and guests present. 

A rising vote of thanks was given to Mr. Bailey for the profit- 
able evening afforded the local Chapter. 























Of Interest to Members 





President Carrier’s Itinerary 


Pres. W. H. Carrier will visit the Western Chapters during 
March and April and the topic that he has chosen for discussion 
is entitled Servicing the Human Power Plant. 

The first appearance will be in Los Angeles, March 31, for 
the Southern California Chapter members. 

On April 3, a visit will be made to San Francisco, where a 
meeting of members in that city has been arranged. 

Going North, President Carrier will visit Seattle, April 6, for 
a meeting with the Pacific Northwest Chapter members. 

On April 10 he is scheduled to talk before the Minnesota 
Chapter members, Minneapolis, and on April 13, will be the 
guest of the Illinois Chapter in Chicago. 

The Kansas City Chapter has planned a special April Meeting 
to entertain Mr. Carrier at the University of Kansas, in Law- 
rence, on the 14th, and on April 16 he will appear before the engi- 
neers of Cincinnati. 


Society Sponsors Paper at Printing 
Conference 


A paper entitled, Relation of Standardization to Air Condi- 
tioning in the Printing Industry, by W. H. Carrier, which was 
sponsored by the Society, was presented in Mr. Carrier’s absence 
by D. C. Lindsay at the Second Conference of Technical Ex- 
perts in the Printing Industry held in the Government Printing 
Office, Washington, D. C., March 16 and 17, 1931. An abstract 
of this paper appears on page 335 of this issue. 


Discussions on the engineering construction and operation 
of specific machines or systems were prepared by F. F. Bahnson, 
The Bahnson Co., Winston-Salem, N. C.; R. T. Williams, Car- 
rier Engineering Corp., New York; W. L. Souther, The Cooling 
and Air Conditioning Corp., New York; B. Offen, B. Offen and 
Co., Chicago, Ill.; R. H. Brown, Parks-Cramer Co., Boston, 
Mass.; G. A. D’Arcy, Rhode Island Humidifier and Ventilating 
Co., Boston, Mass.; C. A. Segner, Vapo Systems, Chicago, IIl.; 
M. T. Barnum, The Wilcolator Co., Newark, N. J. These 
discussions were printed in advance of the meeting and those 
by Messrs. Bahnson, Williams, Brown and Barnum were per- 
sonally presented in abstract. 

The presentation of the paper, and the discussions thereof, 
was followed by a group conference on air conditioning data for 
printing, which was presided over by Mr. Davis of the Mt. 
Pleasant Press, Harrisburg, Pa. This conference was attended 
by 16 representatives of manufacturers of air-conditioning equip- 
ment, and many interesting side-lights on the subject developed. 


Among other things, it was emphasized that air conditioning in 
itself is not a panacea for all printing problems, and that the 
air-conditioning man must also have the co-operation of the 
paper manufacturer and of the printer himself, as the effective- 
ness of the air-conditioning installation is greatly diminished 
without the proper co-ordination of these other factors. The 
discussion included reference to the hygroscopic properties of 
paper and the relation of air conditioning thereto, as well as 
the humidities desirable under summer and winter conditions 
when other economic factors are considered. 


Chicago Will Entertain Council Members 


The next meeting of the Council is to be held at Chicago, IIL, 
on April 13, at the office of the Board of Education, 188 W. 
Randolph Street. 
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Through the courtesy of John Howatt, arrangements have 
been completed for the meeting at which one of the important 
considerations will be the Society budget for the coming year. 


The Illinois Chapter has invited all of the Officers and mem- 
bers of the Council to be guests of honor at the April meeting 
of the Chapter in the Hotel Sherman, where Prof. G. L. Larson, 
of the University of Wisconsin, and Pres. W. H. Carrier are 
expected as the guest speakers. 


W. H. Driscoll Addresses Eastern Supply 
Association 


W. H. Driscoll, vice-president, Thompson-Starrett Co., New 
York, and past-president of the A.S.H.V.E., delivered an inter- 
esting address on current business conditions at the spring meet- 
ing of the Eastern Supply Association which was held at the 
Hotel Astor, New York, March 11 and 12, 1931. 


Mr. Driscoll expressed the opinion that there was no definite 
reason for the mental perturbation so many people have under- 
gone during the past six or eight months, as depressions are old 
and have passed, to be followed by periods of business on higher 
economic levels. Placing the blame on the financiers for the 
tone of pessimism surrounding business, Mr. Driscoll stated 
that bankers have tried to establish causes for the depression, 
including over-production and, under-consumption. He con- 
tinued to explain how business is governed by traditions and 
rules instead of sound practice and suggested that only profitable 
commodities be handled by wholesalers. The main trouble, he 
pointed out, lies in the extension of long term credits. In this 
respect, Mr. Driscoll said, “The plumbing and heating industry 
can never be the business it should until credits are eliminated 
and it is put on a cash basis. Your objection to this will be 
that you have always extended credit and cannot change, but you 
can—not in a few months but in time, if you definitely apply 
the principle.” 


Mr. Driscoll reminded the audience that building operations 
which create the market for plumbing and heating materials are 
cash propositions through financing and that the plumbing and 
heating contractor, if he bought for cash, would of necessity, 
be more accurate in figuring and would ultimately be a better 
business man. Funds, he explained, would be available to the 
contractor from banks, just as they are to other business men, 
within the limits of their capacity. This, he pointed out, would 
prevent the taking of contracts by contractors incapable of han- 
dling them. In conclusion, Mr. Driscoll stated that this pro- 
posal is, no doubt, a radical and revolutionary change, but the 
manufacturer, jobber or contractor will not reach the position 
of importance he should occupy until it is done. 


Numerous interesting reports and addresses were presented 
before the meeting, at which there was an unusually large at- 
tendance. 


Warm Air Heating Association Meeting 


The National Warm Air Heating Association will hold its 
18th annual convention at the Deshler Wallick Hotel, Columbus, 
Ohio, April 22 to 23, 1931. In addition to the general sessions, 
there will be a group meeting of manufacturers and one of dealers 
with special programs. 

All phases of the industry will be covered, including air 
conditioning, use of different fuels, better business, research, 
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forced air, engineering, merchandising, and commercial conditions. 
One of the interesting topics to be discussed at the Dealers’ 
Session on Wednesday morning, Apri! 22, is Air Conditioning 
the American Home, which will be presented by J. C. Miles, 
Cleveland, Ohio. 

On that afternoon at the first general session for manufactur- 
ers, dealers and guests, V. S. Day, Newark, N. J., will present 
a paper entitled, “Experience in Residential Air Conditioning.” 
Following Mr. Day’s presentation, E. B. Langenberg, St. Louis, 
and C. B. Huntress, executive secretary of The National Coal 
Association, will discuss the progress made by the Committee 
of Ten. 

At the second general session, Thursday morning, April 23, 
“Summarized Conclusions of Latest Information Relative to 
Our Research Work” will be presented by Prof. A. C. Willard, 
head of Department of Mechanical Engineering, Prof. A. P. 
Kratz, Research, and S. Konzo, special research assistant, all of 
the University of Illinois, Urbana, III. 

Plans for the extension of the Association will be a special 
feature at the meeting. 


Eighth Annual Convention and 
Oil Burner Show 


The eighth annual convention and oil burner show of the 
American Oil Burner Association will take place at Philadelphia 
during the week of April 13 to 18, 1931. Convention head- 
quarters will be at the Benjamin Franklin Hotel. The Show 
which is to be held in the Gimbel Bldg., across the street, will 
follow the policy inaugurated last year of opening the Exhibit 
Hall to the general public. More than 80 firms will be repre- 
sented in the exhibit hall and over 120 booths have been taken 
for the equipment. 

Engineers are particularly urged by the Association to attend 
this annual event to see and hear of the progress the industry 
has made. Many manufacturers of oil burners and accessories 
have conducted extensive research programs during the past 
year with the result that they are expected to exhibit new and 
improved types of burners. The few years that have elapsed 
since the oil burner business secured its first practical recog- 
nition from the American people, have witnessed an amazing 
growth, but there are always problems to solve—whether they 
be manufacturers, dealers, or individuals. No better opportunity 
for a discussion of these troubles can be found than at the annual 
convention, 

Outstanding subjects will be discussed by men qualified to 
discuss them and everyone is invited by the Association to be 
present and to contribute to the exchange of ideas and personal 
experiences. Two days will be devoted to merchandising ses- 
sions and another day to engineering sessions in addition to the 
annual meeting of the members. New officers and director also 
will be elected at this time. 

Not only a repetition but an increase of the large audience 
which attended the sessions last year in Chicago, is anticipated 
at the Philadelphia show. 


Marks Handbook 


The 3rd edition of Marks Mechanical Engineers’ Handbook 
contains a considerable amount of new and useful data of value 
to the heating and ventilating engineer. 

The section on heating and ventilating, in which the A. S. H. 
V. E. Gute is quoted freely, has been ably edited by Prof. J. E. 
Emswiler of the University of Michigan, a prominent member of 
the Society. W. H. Carrier, newly elected president of the So- 
ciety, has contributed the section on air conditioning and drying. 


In addition, this handbook contains special sections on other 





r Conditioning 


April, 1931 


Journal Section 


subjects in which the heating and ventilating engineer is inter- 
ested, such as fuels and furnaces, fans and blowers, pipe and 
fittings, building construction, mchanical refrigeration, and pumps. 

Marks Mechanical Engineers’ Handbook is published by Mc- 
Graw-Hill Book Company, 370 Seventh Ave., New York, N. Y. 


Six-Place Tables 


The 4th edition of Six-Place Tables, compiled by E. S. 
Allen, Associate Professor of Mathematics, Iowa State Col- 
Iege, has recently been issued. 

This volume was originally prepared in response to a 
strong demand for a pocket-size book of tables such as are 
in regular use by engineering students and instructors, as 
well as by graduate engineers in their professional work. 

It contains a selection of tables of squares, cubes, square 
roots, cube roots, fifth roots and powers, circumferences and 
areas of circles, common logarithms of numbers and of the 
trigonometric functions, the natural trigonometric functions, 
natural logarithms, exponential and hyperbolic functions, 
and integrals. 

As it is of course impossible to include all integrals of 
rational fractions, a concise but adequate account of their 
separation into partial fractions has been included. 

This book is published by the McGraw-Hill Book Co., 
Inc., of New York. 


Designing Heating and Ventilating 
Systems 


The 3rd edition of Designing Heating and Ventilating 
Systems, by Charles A. Fuller, Consulting Engineer, has 
recently been issued. 

This book was developed from a series of lecture courses 
given at several institutions, before audiences of varying 
experience and education in the heating line. 

The theory of both heating and ventilation’ is handled in 
such a manner as to eliminate as far as possible the most 
difficult mathematical computations and expressions, and at 
the same time is handled in a thorough and exhaustive 
nianner. 

The subjects covered include the heat unit, heating value 
of coal, relation of heat and work, loss of heat from build- 
ings, classification of heating systems, heat transmission 
through radiators and coils, flow of steam in pipes, pressure 
drop in steam mains, gravity systems, vapor systems, vacuum 
systems and vacuum valves, piping for vacuum _ systems, 
vacuum pumps for vacuum heating systems, indirect sys- 
tems, boilers, hot water systems, furnace heating, hot-blast 
heating, duct systems for factory ventilation, school ventila- 
tion, theater ventilation, hotel ventilation, heating stacks, 
arrangement of heaters, individual duct system, ventilating 
fans, estimating static pressures, fan motors, temperature 
regulation, recirculation of air, air washers, estimating coal 
consumption, high pressure steam for cooking, laundry and 
process work, high pressure boiler room piping and aux- 
iliaries. 

This book is published by Scientific Book Corporation, 
New York. 


Beg Pardon 


In the tabulation of funds appearing with the Report of the 
Committee on Research on page 250 of the March issue it 
was incorrectly indicated that: pledges for 1930 were still due 
from two manufacturers. Apology is made to Barnes & Jones 
and Wolverine Tube Co. for this erroneous reference. 

















CANDIDATES FOR MEMBERSHIP 
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The Constitution of the Society, as now amended, requires the following mode of procedure in voting on applicants for mem- 
bership in the Society. All applications for membership are to be sent to the Secretary and the name of applicants and their refer- 
ences shall be printed in the next issue of the Journal of the Society or sent to the members in other approved manner as ordered 
by the Council. When replies are received from references, the Candidate’s application shall be submitted to and acted upon by 


the Membership Committee as soon as possible. 


When the Membership Committee has acted favorably upon a Candidate’s application and assigned his grade, the Council shall 


vote upon the election of the proposed Candidate for membership by letter ballot. 


bership have been received and the names of these men and their sponsors are published in the following list. 


During the past month 16 applications for mem- 


Members are requested to scrutinize the list with care. The Membership Committee, and in turn the Council, urge the mem- 
bers to assume their share of the responsibility of receiving these candidates into membership by advising the Secretary promptly 
of any whose eligibility for membership is in any way questioned. 


All correspondence in regard to such matters is strictly confidential, and is solely for the good of the Society, which it is the 


duty of every member to promote. 


Unless objection is made by some members by April 15, 1931, these candidates will be balloted upon by the Council. 


elected to membership will be notified by the Secretary immediately after election. 


CANDIDATES 


Cuase, Louis Ricuarp, Br. Mgr., Buffalo Forge Co., Kansas 
City, Mo. 


CHRISTMAN, WILLIAM F., Theatre Air Conditioning Engr., 
Carrier Engrg. Corp., New York, N. Y. 


GoENAGA, Rocer CHARLES, Technical Director, Ateliers Ventil, 
Lyon, France. 


HAGERMAN, JAMEs J., Dist. Mer., Heating & Ventilating Div., 
Bishop & Babcock Sales Co., Chicago, II. 


Ketty, CHarves J., Sales Engr., Jas. P. Marsh & Co., New 
York, N. Y. 


Levy, Marion I., Bishop & Babcock Sales Co., Cleveland, Ohio. 
Mack, ArtHur Prescott, Head of Department of Plumbing & 


Heating, Tuskegee Normal and Industrial Institute, Tusk- 
egee, Ala. 


May, Epwarp M., Supt., Combustioneer, Inc., Goshen, Ind. 
Maynarp, J. Earre, Heating Engr., Fox Furnace Co., Elyria, 
Ohio. 


NEWMAN, CHARLES THomas, Owner, C. T. Newman, 2729 
Hooper Ave., Los Angeles, Calif. 


Rocers, VERNON A., Private Practice, Center Moriches, N. Y. 
Remtty, J. Harry, Br. Engr., American Radiator Co., Newark, 
N. J. (Advancement) 


SHAWLIN, WALTER C., Pres. & Genl. Mgr., Northwestern Fan 
& Blower Co., Milwaukee, Wis. 


SAIL, A. MELvit_e, Engineer-Custodian, Board of Education, 
Chicago, IIl. 


STERNBERG, Epwin, Carrier Engrg. Corp., New York, N. Y. 


WaALLAce, KENNETH S., House Heating Supervisor, The St. 
Louis County Gas Co., Webster Groves, Mo. 
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Proposers 


C. A. Booth 

C. C. Cheyney 
O. W. Armspach 
A. C. Buensod 
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H. G. Kreissl 
H. R. Linn 
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F, W. Johnson 
O. O. Oaks 


F. F. Deolshagen 
A. Christiansen 


John Howatt 
J. J. Finan 


O. W. Armspach 
A. C. Buensod 


R. M. Rosebrough 


G. A. Helwig 


Seconders 


=_ 


2. D. Madison 
xX. T. Thornton 


— 


M. H. Darby 


A. S. Henry, Jr. 


Albert Pelletier 
S. L. Rottmayer 


M. G. Hook 
A. H. Hills 
C. F. Eveleth 
R. G. Davis 


F. C. Houghten 
Peter O'Neill 


C. F. Eveleth 
F. H. Morris 


J. S. Earhart 
H. B. Keeling 


H. W. Hochuli 
C. E. Scott 


W. R. Zuhlke 
J. P. Schoener 


J. P. Fleming 
E, J. Finan 


M. H. Darby 


A. S. Henry, Jr. 


E. S. White 
C. A. Pickett 


Those 
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Candidates Elected 


In past issues of the Journal of the Society the names of the following men were listed as Candidates for Membership. The 


membership grade of each Candidate has been assigned by the Membership Committee and balloted upon by the Council. 


We are 


now instructed by the Council to post herewith, as required by Art. II, Sec. VIII, of the By-Laws, the following list of candidates 


elected : 


MEMBERS 


Bopincer, Jacop Harris, President, J. H. Bodinger Co., Inc., 
New York, N. Y. 


Carey, THomas M., Sales Repr., Herman Nelson Corp., De- 
fiance, Ohio. 


Cote, Epwin Quincy, Sales Engr., The Herman Nelson Corp., 
Springfield, Mass. 


Heatu, WitrAM R., Asst. Chief Engr., Buffalo Forge Co., 
Buffalo, N. Y. 


Jounson, Lours Henry, Owner, L. H. Johnson Co., Minne- 
City, Mo. 
Jounson, Louts Henry, Owner, L. H. Johnson Co., Minne- 


apolis, Minn. 


KILLEEN, EpmuNp Francis, Sales Repr., The Herman Nelson 
Corp., Duluth, Minn. 


LeonarD, JosepH Hamitton, Mfgr’s. Repr., J. T. Leonard Co., 
Winnipeg, Manitoba, Canada. 


MaGNey, Gortiies Renatus, President, Magney & Tusler, Inc., 
Minneapolis, Minn. 


Markusu, Emery U., Mech. Engr., Weitbeer Plumbing Corp., 
New York, N. Y. 


Marum, Orto, Plant Engr., Agfa Ansco Corp., Binghamton, 
N. Y. 


Morrison, Cuester B., Vice-Pres. & Genl. Megr., York Shipley, 
Inc., Shanghai, China. 


Murray, Woopwortn Nortuey, Sales Repr., The Herman Nel- 
son Corp., Boston, Mass. 


PurceLtt, HArotp Tuomas, Partner, Southern Sales Co., Nash- 
ville, Tenn. 


Rack, Epcar C., Staff Mer., Engrg. Dept., Johns-Manville Corp., 
New York, N. Y. 
Rooks, ALFRED WeENpDELL, Sales Repr., The Herman Nelson 


Corp., Cincinnati, Ohio. 


ScHuLte, Ross R., Owner-Consulting Engr., R. R. Schulte, St. 
Paul, Minn. 


SHELNEY, Tuomas, President, Pierce Blower Corp., Buffalo, 
= Ue 


Spoopts, ANTHONY, Sales Repr., The Herman Nelson Corp., Mo- 
line, Ill. 


THORNTON, Witit1AmM Barry, Br. Engr., Carrier-Lyle Corp., 


Pittsburgh, Pa. 


Wyman, Dwicut M., Sales Repr., The Herman Nelson Corp., 
Barrington, R. I. 


ASSOCIATES 


3ARNETT, STEPHEN J., Sr. Partner, Barnett Brothers, Buffalo, 
N. Y. 


Bowes, Frank RicHarp, Sales Repr., Herman Nelson Corp., 
Boston, Mass. 


Dockxeray, Fayette, Sales Repr., The Herman Nelson Corp., 
Kingston, Pa. 

Jarratt, Paut R., Partner, Southern Sales Co., Nashville, Tenn. 

Ketst, Water Eart, W. J. Keist & Son, West View, Pitts- 
burgh, Pa. 


LinpsEy, WILLIAM Jupson, Salesman, The Herman Nelson 


Corp., Peoria, Iil. 


Wuee ter, CHARLES A., Sales Repr., The Herman Nelson Corp., 
Des Moines, Iowa. 


JUNIORS 
3uR, Jutien R. C., Bur et Cie, Dijon, France. 


Fritzperc, Hicpinc L., Student Engr., Carrier Engrg. Corp., 
Newark, N., J. 


O’Haver, Hupert Maurice, American Blower Corp., Los An- 
geles, Calif. 


TAVANLAR, Exicio J., Yale University, New Haven, Conn. 


STUDENTS 


ErnHeripce, GeorceE THOMAS, Jr., Student, Carnegie Institute of 
Technology, Pittsburgh, Pa. 


NorpHEIMER, CLypeE L., Student, Carnegie Institute of Technol- 
ogy, Pittsburgh, Pa. 
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EDITORIALS 





‘“‘In These 
Times” 


During the last year or so, in advertisements, articles, 
or conversation, we frequently run across the statement, 
“In these days of business depression, first costs and 
maintenance costs must be reduced.” We've been guilty 
of it ourselves. 

While this is true enough—and perhaps is especially 
pertinent in such times—half the statement is extrane- 
ous material. First costs—and maintenance costs— 
must always be kept at a minimum for economic opera- 
tion. Every engineer must keep in close touch with 
improvements in processes and equipment. 

Only by continually whittling costs to the economic 
minimum can the engineer be satisfied that he is doing 
his job, whether business volume be large or small. “A 
penny saved is a penny earned” ; the same proverb holds 
true for dollars. 


A Helpful 
Supplement 


There are several meetings to be held during April 
which should have something of considerable value to 
offer the heating, the piping or the air conditioning 
engineer. Among them are the annual convention of 
the National Warm Air Heating Association, the scene 
of which is Columbus, Ohio; the American Oil Burner 
Association convention, which meets in Philadelphia, 
Pa.; and the annual meeting of the American Welding 
Society at New York City. There are also the Na- 
tional Management Congress, which many engineering 
executives will want to attend in Cleveland, Ohio, and 
the semi-annual meeting of the American Society of 
Mechanical Engineers at Birmingham, Ala. 

Many engineers and contractors realize the advis- 
ability of attending the conventions and other meetings 
of the organizations which fit into their particular field 
or fields. The decision as to what meetings cannot be 
missed should rest on the fundamental problem of bal- 
ancing the investment in time and money against the 
estimated advantages that can be derived in new ideas 
and from contact with men with similar interests. 

There are few meetings that do not repay amply the 
man who attends with a mind determined to take home 
an idea or a suggestion which will make his work more 
effective and, therefore, more profitable. Attendance 
at such conventions is a helpful supplement to the regu- 
lar reading and study of his engineering paper. 





A Few 
Charts 


The chief maintenance engineer of a large industrial 
plant says, “It is better to have a few charts reach the 
maintenance or operating engineer’s desk every day, 
and be carefully studied, than to have an accumulation 
of charts come to his desk and be given no thought.” 

Records and charts are of no inherent value in them- 
selves; the mere obtaining of such data without using 
it is a waste of time. However, when such records are 
used from day to day, week to week, month to month, 
or year to year, they are of invaluable benefit in assist- 
ing the engineer to operate his equipment satisfactorily 
and economically. 

Modern industry is based on knowledge that can be 
relied upon. The industrial engineer must know how 
his pipe lines are behaving, how his heating system is 
functioning, and the conditions that are being main- 
tained by his air conditioning equipment. But having 
the information available is not the only requirement. 
Only through intelligent and regular study of such 
charts can their full value be realized. 


“April 
Fool”’ 


There are few of us who haven’t kicked an old top 
hat reposing innocently on the sidewalk, only to find 
that it concealed a brick or two. Or maybe we've ac- 
cepted a piece of candy, discovering its soap content 
too late. The date generally turns out to be April 1. 

The purpose of all this is not to put any mischievous 
ideas in your heads; we are going to point out a moral. 

Just as on April 1st we must be careful of all these 
little things, it behooves us to investigate the meaning 
of the word “modern” throughout the year. Every 
new office building, industrial plant, theater, or public 
building is called “modern.” 

Most of the buildings being planned and constructed 
these days provide for the conditioning of the atmos- 
phere. But unless such provisions are made, the build- 
ing cannot be called “modern.” The almost innumer- 
able advantages of real air conditioning are well-rec- 
ognized today ; there is no excuse for applying the term 
“modern” to a structure in which air conditioning could 
be applied, if that building is heated only or ventilated 
only. 

There is no place for April fool jokes in industry 
or business; and they’re becoming harder to play, too. 














———Some Reports on Research 


M. L. Duckman, Plant Engineer, Firm Believer in Complete Records 
on Air Conditioning System Performance 
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Air Conditioning Vital in Silk Spinning 
| | UMIDIFICATION has been used in the textile 


industry for many years, but precision control 

was not employed at first. Conditions fluctuated 
and no need was formerly seen to modify the prevailing 
air conditions on the basis of actual tests of fiber 
strength, evenness, and freedom 
from splits and breaks in relation to 
conditions in the plant. Humidity 
was considered important, but the 
importance of constant heat was not 
appreciated. 

Two things have helped to improve 
this situation: (1) Recording instru- 
ments have been applied with auto- 
matic control. These instruments 
enable the consistent adjustment of 
conditions to the process; and (2) 
technical tests of strengths, textures 
and extensibility are used that prove what economic 
values hinge upon controlled air conditions and just what 
ranges of control are favorable to high standards in the 
finished product. 

Silk fiber is, of course, highly hygroscopic. The stand- 
ard tests weigh out the fiber in a given atmosphere of low 
relative humidity. If weight-gain in a humid atmosphere 
is 6 pounds in 100 pounds original weight of bone dry 
raw material, the regain is said to be 6 per cent. This 
regain is not constant but it is the factor that fixes the 
operation of the air conditioning system of the plant. 





M. L. DucKMAN 


Strength and Humidity 


Strength tests bear out the value of precision in air 
conditioning. There is consistently greater strength with 
high humidity. For every 1 per cent increase in relative 
humidity, in terms of standard strength at 70 per cent, 
the strength index of the textile fiber increases 0.2 for 
cotton, 0.4 for flax, 0.1 for jute, and 0.6 for silk. Con- 
ditioned air means better workability and fewer yarn 
breakages. Silk mills particularly have to allow for the 
influence of humidity on yarns. Heat relationships are 
important, too. Control work in a silk mill means care- 
ful engineering, continuous tests, and exact knowledge of 
the processing. 

Oscar Heineman Silk Mill 


All these are well brought out in the control routines 
observed in the new, modern silk mill of the Oscar 
Heineman Corp., Chicago. Its routine records represent 
reliable scientific contributions to air conditioning prac- 
tice in the silk industry. 

In this plant the manufacturing cycle takes five full 
days between the opening up of the raw bales of silk 
in the basement until the finished cones of four-ply 


thread are ready for the market. The thread goes chiefly 
to the silk stocking trades. 

Favorable operating conditions for manufacture set 
the normal range of temperature for all the floors be- 
tween 70 and 75 degrees F. Above 75 degrees in plant 
parlance is called high; less than 70 degrees is rated 
low. The relative humidity is held at 75 per cent. Con- 
ditions do not vary throughout the manufacturing cycle, 
and are the same on every floor of each building. The 
floors are separately recorded and regulated. 


Records Important 


M. L. Duckman, engineer of the plant, believes in auto- 
matic records. He has in a large master dial above his 
desk, a continuous index of the air pressure lines through- 
out the building that operate the temperature and humid- 
ity controls. Hygrometers are used with recording in- 
struments for temperature. All other instruments are of 
the automatic recording type. Results must tally at all 
points and the instruments themselves receive extremely 
careful supervision. Mr. Duckman’s graphs show con- 
tinuous operation records for the past ten years; they 


Asove—A SEcTION oF THE Factory Berore Occupancy, 
SHOWING THE AIR INLETS. RECORDING THERMOMETERS ARE 
LocaATED ON THE CENTRAL CoLuMN. BeEetow—A VIEW oF 


Mitt No. 4, Oscar HEINEMAN CoRPORATION 
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Lert—THE TESTING DEPARTMENT, WHERE PANELS ARE MADE AND Derects ARE SUBJECTED TO VISUAL CouNT- 
ING. RigHt—A View oF THE WINDING SECTION IN MILL No. 4 


include “roof readings” of outside temperature and rel- 
ative humidity. 

As an additional check upon the accuracy and func- 
tioning of the recording instruments and controls, a man 
goes through the works every second hour, jots down 
the wet and dry bulb readings and records the relative 


humidity at seventeen different points within the plant. 


Recirculation 


Recirculation is practiced in extremely cold weather, 
30 per cent of recirculated air being the maximum at 
any time. In silk manufacturing processes there is 
always the recognized possibility of cumulative odors. 
The air supply is always in excess of usual requirements 
for good ventilation and slight positive pressures are built 
up within the rooms. 


Preventing Condensation 


In building No. 4, an unbroken band of windows en- 
circles the building. All of them are sealed shut with 
plastic cement and double windows are used throughout 
to avoid difficulties from condensation of excess moisture 


on the panes. The space between the double 
is drained by copper gutters through small pipes that 
lead down to copper drains at the floor level of the ex- 
ternal walls. This takes care of any condensation that 
tends to form on the outside walls in winter time. The 
small inter-window drain pipes had to be equipped with 
valves to prevent ascending. air from the work rooms 
causing any excess condensation or frosting between 
the panes. 

Condensation everywhere is recognized as an ever- 
present difficulty, and the utmost attention is paid to 
insulation. Roofs are cork insulated and all water pipes 
and sewer pipes are treated with cork. All heating mains 
and any warm air ducts connected with the exhaust sys 
tem that otherwise would upset the heat balance are 
similarly treated. 


panes 


Three Types of Humidification 


Three different types of humidification are used within 
the plant. About 15 per cent of the air conditioned 
space is served by small filter units, and 85 per cent is 
handled by means of central air washing. 





THE SPINNING SECTION IN Mitt No, 4 
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The older buildings utilize oil filters, manually cleaned. 
All screens are washed clean daily at four p.m., and 
always from 20 to 30 pounds of mud can be recovered. 
One evidence that the factory air is clean is seen in the 
fact that painted surfaces within the plant stand up for 





Hycrometic CHART SHowinc Ovurt-Door 


READINGS 


A TyPIcaL 


eight years without renewal. The Oscar Heineman Cor- 
poration has utilized air conditioning for twelve years. 


Separate Exhaust System for Receiving Room 


Mr. Duckman is himself responsible for the design 
and installation of a separate exhaust system that must 
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be mentioned as a supplementary system of importance. 
In the receiving room for raw materials, a basement 
room, the air was always dense and hot and disagreeable 
with the characteristic odor of raw silk. Pedestrians 
passing by the basement windows made complaint of the 
outpouring air as a nuisance. 


Mr. Duckman contrived an exhaust system beneath 
an areaway between two buildings. The suction cham- 
ber is served by two fans of 480 c.f.m. each. Exhaust 
ducts that serve the sorting, boiling, and drying processes 
draw the air out and away from the workers and ex- 
haust it through the roof. The drying rooms are sim- 
ilarly exhausted and a large steam cabinet in the main 
factory which is utilized to set the twist in thread is 
connected to this system. The testing room has a sep- 
arate fan exhaust. Cabinets ‘and ducts are insulated 
so that no heat radiates from dryers, maintained con- 
stantly at 150 F. This separate exhaust system is cheap, 
simple, and effective, states Mr. Duckman. 


Testing the Threads 


On the top floor of building No. 4, 100,000 reels of 
single ply raw silk are wound on spindles at the same 
time. The fragile hygroscopic threads are rendered 
strong enough by air conditioning to revolve the reels by 
tensile strength. It is a delicate and nice adjustment. 
There is little bristling ; static is well controlled. 

The filmy threads, when wound, are tested. Four sets 
of forty test panels are made up from every ten bales 
processed. The test panels are wound 100 threads per 
inch, and each panel carries a 450-meter length of 
thread. Evenness of product in the basic grade must 
not be lower than 78.0 per cent for three-fourths of the 
panels tested, and auxiliary tests of several types are 
used to supplement this visual inspection in artificially 
day-lighted rooms for evenness. 

Ten bales for one day’s product in a plant would 
mean the work of 1,000 reeling girls. They represent 
some 1,330 pounds of raw silk or 8,100 skeins. Each 
pound means winding a continuous raw silk thread 300,- 
000 meters long. 

Silk grades are high and constant only when room air 
Conditioned air with good control, therefore, 


is moist. 
Its future 


finds strong support in the silk industry. 
there is certain —S. P. M. 





Hydraulic Press Operation 


EGARDING the article * on figuring water for hy- 
draulic presses, I would like to add a few ideas: 

Where the idle stroke happens to be too great for the 
work in question (the press may have been purchased 
for a different operation) I have found it advantageous 
to put a clamp around the ram and let this clamp rest on 
the stuffing box when the ram is in the outward position, 
giving just the proper opening of the platens to accom- 
plish the work. 

When operating a two- or multiple-pressure press it is 
usually a saving to squeeze the press as far as it will go 
with the lighter pressure, then apply the higher pressure 
by means of a two-pressure valve. 

The size of the pumps can be reduced materially by 
having an accumulator on the line with sufficient capacity 
to take the requirements of the press during its heavy 
working stroke and then build up the volume in the ac- 
cumulator during the idle stroke of the press, proper 
allowance being made for leakage, etc—Mark W’. Roe, 
Mechanical Engineer, Kelly-Springfield Tire Company. 

“How to Figure Amount_of Water Used by Hydraulic Presses,” by 


F. G. Schranz and W. Delaney. Heatinc, Pipinc anp Air ConpI- 
TIONING, February, 1931, p. 135. 
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Installing Box Unions to put the union on the other way in order to allow 
“an ; ‘ ; : the flow in the line to come through the other end of 
he box union ts a Aid fitting that is often used the union and prevent it from impinging directly on 

to advantage for conveniently installing or for allow- 44. seating face. . 

ing for the removal of piping. 

This union is used and applied to the pipe, gener- 
ally, without taking into consideration which end of 


It should be understood that in some cases—for 
example, in places with limited room or where there 
are obstructions—it is necessary to place the union 
sc that it can be readily tightened and in these cases 
the flew would probably have to be disregarded. 


Projecting Lip Worn Away 

Fig. 2 shows a union of the gasket type. The 
projecting lip for holding the gasket in position 
would offer resistance to the flow. This can be ob- 
served by looking over unions of this kind that have 
been in use; frequently a large portion of the lip is 
worn away by the flow of the contents of the pipe 
line when this part of the union is placed so that the 
flow is allowed to strike.directly on the lip. 

All other things being in favor, the writer thinks 
it advisable to face these unions so that the flow 
through the pipe line will not strike directly on the 
lip or the seating face. 


Fic. 2—A Box UNION oF THE 

GASKET Type. Tue Part or 

THE UNION CONTAINING THE 

Lip Rererrep To Is SHOWN 
at G 





Fic. 1—Grounp Joint UNIoN REMOVED FROM A LINE Car- 

RYING SATURATED STEAM AT 125 Pounps. THe LEAK Was 

CAUSED BY THE STEAM IMPINGING ON THE SEATING FACE, 
AS SHOWN aT B 


the union is faced toward the flow in the pipe line. 
In the majority of cases this probably would make 
no material difference and is seldom, if ever, ques- 
tioned. 

Box Union in 125-Lb. Line 

The illustration, Fig. 1 shows a box union (size, 
1% in.) of the ground joint pattern that was re- 
moved, after being in use for several years, in a steam 
line carrying 125 pounds per square inch saturated 
steam pressure. 

The flow through the line was from the end of 
the union having the male thread, shown at A. The 
steam impinged on the face of the ground joint of 
the opposite end of this union which is inserted in 
the collar, shown at B, causing the seating face to be- 
come worn and scored, as shown by the marks at the 
top of the seating face, causing the joint to leak. 

This example would seem to show that when a 
union of this or a similar type is installed, provided 
there are no other requirements, it would be better 
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Conventions and Expositions 


National Industrial Congress and Exposition, National 
Management Congress: April 13-18; Cleveland, Ohio. 
Executive Committee, 819 Citizens Building, Cleveland. 


American Oil Burner Association: Convention, April 
13-18; Benjamin Franklin Hotel, Philadelphia. 


American Society of Mechanical Engineers: Semi- 
annual meeting, April 20-23; Birmingham, Ala. Meet- 
ing at Hartford, Conn., June 1-3. Secretary, Calvin 
Rice, 33 W. 39th st., New York City. 


National Warm Air Heating Association: Annual Con- 
vention, April 22-23; Deshler-Wallick Hotel, Columbus, 
Ohio. Managing Director, Allen W. Williams, 3440 
A. I. U. Bldg., Columbus, O. 


American Welding Society: Annual meeting, April 22- 
24; New York City. Secretary, M. M. Kelly, 33 W. 
39th st., New York City. 


American Society of Refrigerating Engineers: Spring 
meeting, May 6-8; Hotel President, Kansas City, Mo. 
Secretary, David L. Fiske, 37 W. 39th st., New York 
City. 

1931 Midwest Bituminous Coal Conference: May 21- 
22; University of Illinois, Urbana, Ill. Chairman, Pro- 
gram Committee, B. R. Gebhart, Illinois Coal Bureau, 
307 N. Michigan ave., Chicago. 


Heating and Piping Contractors National Associa- 
tion: Annual Convention, May 6-9; Kentucky Hotel, 
Louisville, Ky. Secretary, Joseph C. Fitts, 50 Union 
Square, New York City. 


National District Heating Association: Annual Con- 
vention, June 2-5; Statler Hotel, Boston, Mass. Secre- 
tary, D. L. Gaskill, 603 Broadway, Greenville, O. 


American Society of Heating and Ventilating En- 
gineers: Semi-annual meeting, June 22-25; Swampscott, 
Mass. Secretary, A. V. Hutchinson, 51 Madison Ave., 
New York City. 


National Association of Power Engineers: Annual 
convention and exposition, September 7-11; Convention 
Hall, Kansas City, Mo. Secretary, F. W. Raven, 417 
S. Dearborn st., Chicago. 


Southern Power and Machinery Show: October 19-24; 
Textile Hall, Greenville, South Carolina. 


Third International Conference on Bituminous Coal: 
November 16-21; Carnegie Institute of Technology, 
Pittsburgh, Pa. Chairman, Thomas S. Baker, President, 
Carnegie Institute of Technology. 





Recent Trade Literature 


Boiler Controls: National Regulator Co., 2301 Knox 
Ave., Chicago; 16-page catalog describing the features, 
operation, installation and results obtained with steam 
damper regulators and over-fire control for boilers. (15 
to 300 Ib.) Operation is discussed at some length. 


Cold Storage Doors: York Ice Machinery Corporation, 


York, Pa.; 34-page, looseleaf data book giving very 
complete information and detailed drawings of many 
types of cold storage doors and vestibules. 


Expansion Joints: Croll-Reynolds Engineering Co., 
Inc., New York City; four-page pamphlet describing 
construction details and features, and giving dimensions, 
etc., of expansion joints for steam, air, water, gas and 
oil lines and other lines carrying hot fluids. 


Meters: The Brown Instrument Company, Phila- 
delphia, Pa.; 32-page, carefully illustrated catalog on 
electric COz meters—indicating and recording. Com- 
bustion waste, the principles of operation of the meters 
and their installation and operation are considered. Also, 
a large folder on electric steam flow meters and the gen- 
eral question of charging departments with steam. 


Radiation: C. A. Dunham Company, 450 E. Ohio St., 
Chicago; 16-page booklet on concealed radiation, show- 
ing installation views and methods of installing. 


Pressure Regulators: Watts Regulator Co., Lawrence, 
Mass.; folder describing several types of pressure reg- 
ulating and reducing valves. 


Pressure Regulators:- Natural Gas Equipment, Inc., 
Petroleum Securities Building, Los Angeles, Calif. ; 60- 
page book, fully illustrated with photographs and instal- 
lation charts, on automatic pressure regulation for gas, 
steam, liquids or vapors. Among the headings are pres- 
sure regulators, reducing regulators, back pressure 
regulators, gas fuel regulators, pump and compressor 
governors, motor valves, vacuum and differential reg- 
ulators, balanced lever valves, and liquid level controllers. 


Pumps: The Duriron Company, Inc., Dayton, Ohio; 
four-page data folder on self-priming centrifugal pumps 
for handling special materials. Rating charts, material 
lists and suggested uses are covered, as well as features 
of these pumps. 


Stokers: Combustion Engineering Corporation, 200 
Madison Ave., New York City; folder giving dimen- 
sions, capacities, drawing, and a discussion of a stoker 
unit of the self-contained underfeed type with electric 
drive and integral fan. It is designed for the firing of 
boilers up to 150 hp., and may be had in sizes to burn 
300, 600 and 1,000 Ib. of coal per hr. 


Pumps: Worthington Pump and Machinery Corpora- 
tion, 2 Park Ave., New York City; data sheets giving 
detailed information on horizontal duplex piston pumps, 
vertical single-acting power pumps, and hot oil pumps. 
Also a data sheet devoted to vertical, four-cycle, direct 
injection diesel engines. 

Unit Heaters: Young Radiator Company, Racine, 
Wis.; 16-page bulletin including efficiency data and in- 
stallation information on unit heaters of a wide range in | 
capacity. Single speed and multiple speed units are 
shown, as are single and dual motor installations. 


Valves: Davis Regulator Company, 2541 S. Wash- 
tenaw Ave., Chicago; folder describing automatic valve 
specialties for the control of flow and of pressure. 


Welding: The Lincoln Electric Company, Cleveland, 
Ohio; announcement of an annual award for papers de- 
scribing an application of arc welding. 





